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INTRODUCTION 
*acrocyclic hydrocarbons (I) formally constituted of 
alternating single and double bonds (the annulenes) are of 
considerable importance in that a study of their IT-electron 
distribution could provide valuable information regarding 
current theories of aromatiolty. Theee theories require 
conformity with the Hückel rule 	that completely conjugated 
planar monocyclio systems having (4n + 2) i- electrons should 
show aromatic character. The need for experimental verifica-
tion of this rule has therefore provided the motivation for 
recent synthetic endeavours in the anuulene series. 
It ci! - CM1cR 
Baker(2b)  has shown that fully conjugated systems 
containing more than 8 and less than 18 carbon atoms are not 
normally capable of existence, because of steno interference 
between the internal hydrogen atoms and also because of the 
pos8ibility of transannular bridging with the formation of 
polycyclic structures. He also points out that some aromatic 
compounds, e.g. di--xylylene and di--xylylene, have bond 
angles differing from the optimum 1200 and that it is probably 
safe to assume that absolute planarity and a constant bond 
angle of 1200 are not completely necessary in a compound for it 
to show aromaticity. This second point is supported by the 
work of Schmidt (3)  who has shown that overcrowded ring 
syst.msw, such as 3,4, - 5,6 dibenmophenanthrene, also contain 
2 . 
distorted benzene rings. Baker therefore suggests that the 
smallest annuleno which would be stable and exhibit aromatiolty 
would be [ia] annulene, and that other members of the series 
below 0 3() L4hould be capable of existence as stable molecules 
although arorsatloity might not be particularly obvious in them. 
The first approach to the annulenee was wiiistátter's 
involved synthesis of cyclo-octatetraene from - j1 --pelletierine. 
However, it never seemed remotely likely that nature would 
provide alkaloids with larger ring systems suitable for the 
degradation to the higher annulenee, and no attempts have been 
made to prepare these by analogous reactions. 
The second approach followed from the ready synthesis of 
large cycloalkanes by reiog 	and 8toll) 6 	The next step 
was naturally to effect direct dehydrogenation of these cyolo-
alkanes to the higher ring vinylogues of benzene. It was 
found, however,' 	that catalytic dehydrogenation led to intra- 
molecular bridging and the formation of fused polycyclic 
systems. This direct approach to the annulenee, therefore, 
had little hope of success. 
Success was finally achieved by Sondheiaer and co-workers(8 ) 
by their oxidative coupling of acetylenes in dilute ethanol 
with oxygen in the presence of cuprous chloride and ammonium 
chloride. Application to o , ,w-diacetylenes gave not only 
linear products but also cyclic diners (II) where n > 2. 
BC c- (CH 2 ) —CCH 
n 
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A further advance was the use by Sondheimer 	of the 
reagent discovered by Eglinton and Galbraith, 	copper 
acetate in pyridine at high dilution. With suitable values of 
n, the diacetylenea gave cyclic diners, trimere, tetramere, 
pentamers, and hexamers; the structures of which were proved 
by ultraviolet and infrared spectroscopy and by hydrogenation 
to the corresponding cyoloparaffins. 
The conversion of these cyclic polyacetylenea to the 
annulenes can be illustrated in the case of the cyclic triwer 
of 1,5-hexadlerie (iii). 	Heating with potassium t-butoxlde 
In t-butanol causes prototropic rearrangement to a tridehydro-
[181 annulene (IV) and partial catalytic reduction of the 
acetylenic bonds gives [18J annulene (v). 
j.8i &nnuiene2)  obeys the Hückel rule (a 4) and X-ray 
analysis by Bregman 	has shown that, in spite of possible 
steno overlap of the six internal hydrogen atoms, any 
departure from planarity is not more than 0.1 A 0 . The 
molecule Is, moreover, centrosymmetrical and cannot have alter-
nate double and single bonds. Conjugation and coplanarity are 
also indicated by the ultraviolet spectrum. The nuclear 
magnetic resonance epectrua' shows the ring to be capable of 
sustaining an induced ring current, thus providing evidence for 
the aromatic nature of the substance. Although the molecule 
18 reasonably stable, *classically" It would hardly be regarded 
as aromatic as It has so far decomposed when substitution 
reactions have been attempted. 
Sondheimer and co-workers have prepared other annulenes; 
4. 
F161 annu].ene (Yi)(1 does not comply with the Huckel rule and 
the internal clash of the four hydrogen atoms makes it certain 
that it could not be planar. Moreover the n.m.r. spectrum 
shows no evidence of a ring current and the hydrocarbon Is 
clearly not aromatic. 
vi 	 VII 
[141] A:nu1ene (VII)(16) obeyz the llfuckpl rule (ri = 3). 
It has been shown by ultraviolet and 	spectroscopy to 
exist in solution as two conformational Isomers, X-ray studies 
indicating that crystalline [14] annulene consists solely of the 
oentrosymmetrlc isoaer.' 	The room temperature n.ia.r, 
absorptions are in the non-aromatic region but this is due to 
rapid conformational changes which cause the internal hydrogens 
to become external and vice versa, thus averaging the chemical 
shifts. At lower temperatures, however, the conformational 
changes do not occur so rapidly and the n.m.r. spectrum shows 
clear evidence of a ring current. The ultraviolet spectrum is 
unchanged over the same temperature range indicating that there 
is no change in the electronic structure. 	[14] Annulene 
therefore presumably possesses a ring current, even at room 
temperature, and is aromatic. 
5 . 
he intermediate 1,8_blsdehydro_[14J annu].ene (VIII)(18) 
ch can.io1 be errcited other than as shown, is also 
aromatic. X-ray analysis shows a planar (± 0.03 A° ) 
symmetrical molecule and the n.m.r. spectrum shows that it 
sustains a strong ring current. 
vlu 	 Ix 
J11211 Annulene (IX),which does not obey the Hückei rule, 
has so far resisted preparation. The evidence suggests that 
this molecule is very unstable and undergoes tranearmular 
reactions. Correspondingly the blsdehydro- [121 annulene, 
which has been prepared, is also unstable. 
Finally it may be mentioned that the larger annulenes, 
[20] annulene, [24]annuiene, (9 .919)  and [30] annuiene(20) have 
been prepared but are not stable. The hidehydro-20] annulene 
and the tridehydro- L301 annulene are, however, :ore stable than 
the Porresponding annuleries. 
The evidence therefore disproves Baker's hypothesis for 
both small and large rings. 
The testing of the Mickel rule with rings of intermediate 
size presents both synthetic and theoretical difficulties. 
Experiments have therefore been made in a rather different 












those in which an overlap of the interior hydrogen atoms causes 
the molecule to be non-planar and reduces the degree of 
aromaticity. It has been suggested that ateric interference 
could be removed in the following ways: 
Replacement of inward pointing OH groups by tervalent 
atoms such as nitrogen as in the hypothetical 1,6-
diazacyclo-deoapentaene (X).( 21 ) 
Replacement of pairs of internal hydrogens by =NH 
groups as in porphin (XI) and related compounds. 
Replacement of inward pointing hydrogen atoms by a 
bridge structure as in 1,6-methano-cyolodecapentaene 
(XII)) 22 ) 
Replacement of two pairs of hydrogen atoms by one 
pair of tervalent atoms as in 15,16-dihydz'o-15,16-
diazapyrene (XIY)(2  or by one pair of tetravalent 
carbon atoms as in tran8-15, l6-dihydro-15, 16-dimethyl-
pyrene (xV).( 27 ) 
Replacement of three internal hydrogen stoma by one 
tervalent atom such as nitrogen as in cyol [3,2,2]azine 
(XVI)( 26 ) or cyclL3,3,3lJazine (XVII). 
Baker (2a)  has synthesised di(pyridlne-2,6-dimethylene) 
(XIII) with the object of effecting dehydrogenation and 
simultaneous linking of the nitrogen atoms to 15,16-diazapyrene 
(XIV). Unfortunately, owing to the difficulty in preparing 
(XIII) in quantity it has not been possible to carry out 
effective dehydrogenation. 
More success has attended the work of voge1( 22 ) and 
7 . 
Sondheiner(23) on the bridged cyclod.capentaene structures 
(XII). 	These 10 -il-electron systems comply with the Huokel 
rule (n 2) and possess carbon skeletons which are probably 
almost planar. The ultraviolet spectra suggests extensive 
conjugation while the n.a.r. spectra demonstrate that these 
molecules can sustain a ring current and the substances must be 
regarded as aromatic. 
Boekelheid.(24P25) has recently reported the synthesis of 
trans-15 9 16-dimethyldihydropyrene (xv) and its 2,7-diacetoxy 
derivative. These compounds seem to have a planar perimeter 
with the methyl groups intruding into the centre of the il-
electron cloud. The fact that they sustain a strong ring 
current substantiates aromaticity. The good agreement between 
the ultraviolet and visible spectra of the 2 9 7-diacetoxy 
compound and 198-bisdehydro-[141 annulene (VIII) is in keeping 
with the presence of a 14 11-.eleotron cloud in each. 
Boekelheide and co-workers (26)  have also prepared 
cyolf5 9 2 9 2asine (xYi), which has the peripheral conjugation of 
oyclodecapentaene by two distinct methods. 
The first method started from 5-methylindolisine (XVIII) 
which, on treatment with n-butyllithium gave 5-lithioinethyl--
indolizirie and subsequent reaction with an N,N-diuiethylaaide 
followed by hydrolysis, gave either an aldehyde or a ketone. 
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A more direct synthesia(2829) was by a reaction related 
to those discovered by Diele and co-workers who obtained 
quinolisines, etc., by treatment of a series of heterocyclic 
bases with dimethyl acetylenedicarboxylate. When indolizine 
(xxi) was treated with dimethy]. acetylenedicarboxylate (DMADC) 
in boiling toluene using 5 palladium on charcoal as catalyst a 
50 yield of cyclL3,2,2Jaaine  was obtained after hydrolysis and 
decarboxylation. Similarly use of methyl propiolate or methyl 




2-Phenyl-l-azacycl[,2,2azine (XXIV) has been prepared in 
a similar manner from 2-phenyl-l-azaindollzine (XXIII). 
0. 
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Calculations by Bo ekelheide ( 26 ) have shown that oyol5,2,2j 
maine (XVI) should exhibit a high degree of aromaticity and 
experiment has confirmed this prediction. The molecule is 
stable to heat and light, ° non-basic and undergoes electro-
philic substitution (nitration, bronination and Priodel-Crafts 
reaction) although attempts to induce the molecule to undergo 
nucleophi].ic substitution have been unsuccessful. Hanson ( 31)  
has shown by X-ray studies that the molecule of 1,4-dibromocyol 
[3 ,2,2]azine is nearly planar, the group consisting of the 
nitrogen atom and its three bonded carbon atoms, in particular, 
showing no significant departure from planarity. Nuclear 
magnetic re;onance spec troscopy ( 32 ) has shown that the protons 
of oyc1[,2,2az1ne have a chemical shift of the order normally 
attributed to aromatic protons. 
The calculations carried out for cyclL3,3,Jazire (XVII) 
predict a high resonance energy, perhaps larger than that of 
cyclL3,2,2lasine, despite the fact that it does not conform to 
the Huckel rule. Attempts to synthesise this compound have so 
far only resulted in a decahydro derivative. 	The compound 
is of particular interest since it is isoelectronic with the 
Ll 
10. 
phenalenyl anion (XXV) , which has been prepared by 
X V 
T waa the aim of the nreaent research to synthesise 
cyclD9393Jazine and to study its properties with a view to 
Investigating the degree to which It shows aromatic character. 
. 	 . 
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DISCUSS 1  
12. 
Addition reactions of dimethyl acetylenedicarboxylate with 
o,--substituted pyridines 
Soon after the discovery of the addition reaction which 
bears their names, Diele and Alder extended their investiga-
tions to include potential heterocyclic dienee. Between 
1931-40 the reactions of dimethyl acetylenedicarboxylate with a 
number of heterocyclic compounds containing nitrogen were 
investigated and structures proposed for the products. Subse-
quent inveetigations' 	involving the use of modern physical 
methods of analysis showed that a number, but by no means all, 
of the structures originally assigned to the adducts from di-
methyl acetylenedicarboxylate and nitrogen heterocycles 
required revision. 
Pyridine (38)  and its alkyl derivatives(39)  combine exo-
thermically with dimethyl acetylenedicarboxylate (DMADC) in 
ether at room temperature yielding ether-soluble materials and 
deep red insoluble gums, which on fractional crystallisation 
yield a number of crystalline compounds. In the case of 
pyridine Diels et alia obtained a labile red adduct formulated 
as (xxvi) which ieoaeriaed on standing to a stable yellow 
adduct formulated as (xxvii). The significance of the dotted 
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Labile adducts or 9aH-guinolizines: 
Although the labile pyridine adduct has not been obtained 
by later workers. 09)  owing to its ready isorierisation, corres-
ponding labile adducts of the alkyl pyridines have been 
prepared and are stable enough to exist at room temperature. 
The reaction mechanism, although not rigorously proved, 
probably involves a stepwise addition of two moles of the 
diester to the pyridine: 
> ®r 
CO C *3 
COX CI43  
C OC 143 
COAc * 
CO 'XC  
The bicyclic nature of the labile adducts wa etaL1Yed 
by Acheson and Taylor who found that hydrogenation of the 
3-methylpyridine adduct (XXVIII), followed by oxidation, gave 
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XXIX 
The 9aH-etructure for the labile 3 9 5-dimethyl- 3 and the 
3-methy1pyridine 	adducts has been established by n.m.r. 
spectrometry. As the labile adducts from all the pyridines 
and bensopyridinee so far examined have similar infrared (in 
the 5-7 )x region) 	and ultraviolet spectra it can be 
concluded that all are derivative of 9a1!-.quinolizinee. 
The ease of isomerisatton of 9a-quinolizinez to the 
stable tautomers, the 4F!-quinolisines, varies Immensely. 	The 
labile pyridine adduct (Xxvii) Isomerises at room temperature 
and attempts to obtain this compound have latterly resulted in 
the 4H-isomer. 	On the other hand some 9aff-quinolisinee, e.g. 
those from 3-methylpyridine (XXVIII) and 3,5-dimetbylpyridine 
(XXX) can be stabilised by steno hindrance In the region of 
the 9&H-hydrogen atom. 
CI43 
cC 
Ct+3  COAC 3 
COC  143 
:15. 
Isomerisation, which can take place by heating in solvents 
or on treating with strong acids, could occur through addition 
and loss of a proton but as 9aH-isomers do not form salts with 
perohioric acid, this is probably not the usual mechanism. A 
1-3 hydride shift of the 9aH-hydrogen atom is another possibi-
lity. 
cit 	coc}t, 	 C 
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ieating the 3-methylpyridine adduct (XXVIII) with 2-methyl-
pyridine causes leonierisation to the 4R-isomer (XXXI) but with 
3-methylpyridine the isomeric adduct (XXXII) was obtained. 
Similarly adducts (XXVIII) and (XXX) with pyridine yield tetra-
metbyl-411-quinollzine-1 • 2,3, 4-tetracarboxylate (xxxiii) with 
lose of the original alkylated pyridine. The mechanism of 
these reactions has not been established but an addition-
elimination sequence across the 1 9 4-positions is indicated. 
Stable adducts or 4H-quinolizinee: 
411-Quinolizinee are often present in mixtures obtained 
from pyridines and dimethyl acetylenedicarboxylate and can be 








The stable pyridine adduct (xxxiii) was oxidised by Diele 
and Alder (38)  to ploolinic acid-N-oxide showing the presence of 
ring A. Proof of ring B was obtained (39)  by hydrogenation to 
a tetrahydro derivative (XXXIV), followed by oxidation to 
pyridine-.3,4,5-tricarboxylio acid. The structure of the 
tetrahydro derivative (XXXIV) was determined by ultraviolet and 
n.m.r. spectroscopy* The chemical and ultraviolet evidence, 
together with the n.a.rw steotrum, suggests (XXXIII) as the 
most acceptable structure for the stable adduct. 
These labile and stable adducts are almost the sole 
representatives of the qulnoUzine ring system of which three 
tautomeric forms are possible: 
X'))CVc 	 )(•)\/ b 
	
'XXX V C. 
No 211-quinolialnea (XYXVC) are known at present nor are the 
parent (42)  9aM- (XXXYa) and 4H-quinolisinee (XXXVb) although 
17. 
several methods are available for the preparation of the 
aromatic dehydroquinolizinium salts (XXXVI), including oxida-
tion of the stable 4!-quinolizizae derivatives by Dials' 
procedure. (38) 
The addition of pyridines to d1rnthj1 aeetyT[eJ1cx-
late is an example of nucleophilie addition of the ba1c 
nitrogen to the activated triple bond. 	The Initial zwitterlone 
undergo rapid oyoliaation at the unsubstituted o&-carbon atom to 
form crystalline 9&!-quInolizinea which rearrange to the 41!-
quinolizinee. With 2-vinylpyridIne It seemed that, If addition 
occurred In the suggested stepwise manner, reaction with di-
methyl acetylenedicarboxylate might result in a 2H-quinoliaine 
derivative (XXXVIII) since the terminal carbon atom of the vinyl 
group Is activated towards nucleophilic attack. ( 43)  
<5~ rl 1- 
cL o 
	;LC 43 	 cocM3 	 Co c14 
)&'<X Vit 
The reaction of 2-vinylpyridine with one mole of dimethyl 
acetylenedicarboxylate under conditions analogous to those of 
18. 
Diels yielded a deep red insoluble material which was separable 
on alumina into a number of fractions. Only one major 
fraction was obtained as a crystalline compound and analysis 
showed it to be a 1:2 pyridine-ester adduct instead of the 
expected 1:1 adduct. Attempts to abstract 	to form a 
dehydroquinolisinium Bait failed and no correlation could be 
drawn between the physical data of this compound and those of 
previously known pyridine-ester adducts. To obtain data for 
correlation the general reaction scheme was therefore carried 
out with other 2-substituted pyridines, vii. 2-methyl-6-vinyl-
pyridine, 2-phenylpyridine, 2-ethylpyridine and on two 
originally investigated by Diels, 2-methylpyridine and 
2-styr)lpyridine. 
The structures of the adducts isolated from these 
reactions were found to be of three types, two of which were 
stable (XXXIX) and (XL) and one labile (XL!). 











These structures were based on the following evidence: 
(a) Lm.r. spectra W. All 4H-isomers (XL) show a low 
field doublet at approximately 1.5 or" assigned to the 9-proton. 
The low -value of this absorption is attributed to the 
19. 
deshielding effect of the 1-ester group which, owing to the 
near-planar geometry of the molecule, approaches very close to 
the 9-proton. The 9a11-isomers (XLI) do not show a similar 
low-field signal since bending of the molecule removes the 
1-oarbomethoxy-group from the vicinity of the 9-proton. 
The 411-isomers (XL) show a sharp ui:Jet itt 
the region 3.3 - 3.3 ' attributable to the 4H-proton. 
All 9a}f-isomers (XLI) show an absorption 
near 5 1' assigned to the 9a-proton. 
All 9a11-9a-alkyl or aryl isomers (LIA) 
show spectra similar to those of the isomers (ii) but lacking 
the signal near 5 T. 
(b) Ultraviolet and infrared spectra show the similarity 
of compounds within each group and the similarity of group 
(XXXIX) to group (XLI). 
(a) Chemical evidence shows the irreversible conversion 
of Isomers (XLI) to (XL), the stability of isomers (XXXIX), and 
the tautomeric relationship of isomers (XL) and (XLI), by the 




lilmethyl acetylenedicarboxylate and 2-vinylpyridirie in dry 
20. 
ether at room temperature, or at 000.,  gave two isomeric yellow 
adducts, one stable (XXXIX; R = vinyl) and one labile (XLI; 
R = vinyl); two other products were isolated but in such small 
quantity that they could not be identified. The labile isomer 
was very unstable; it was only once isolated in solid form and 
even this decomposed on attempted recrystallieation. Attempts 
to convert it into perohiorate (XLII; R = vinyl) were equally 
unsuccessful and the structure of this compound was therefore 
based only on its ultraviolet spectrum. The stable adduct 
showed no tendency to undergo tautonerlo rearrangement and 
hydrogenation over Raney nickel or Adams' catalyst yielded a 
yellow tetrahydro derivative which is assigned the structure 
(XLIII), since its n.n.re spectrum shows a low-field doublet 
(3.9 r'; J - 8 c.p.s.) attributed to the 6-proton (adjacent to 
the nitrogen) and a multlp].et (4.6 - 5.0 Y) attributed to the 
7-proton. The region 7.4 - 8.4 'r shows a complex aultiplet 
(six protons) attributable to the 0112  groups of the ring and 
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In the case of 2-methyl-6-vinylpyrldine tour fractions 
were again obtained but only tetramethyl 6-methyl-9a-vinyl-9aH- 
21. 
quinoltzine-1 9 2,3 9 4-tetracarbozylate was isolated as a 
crystalline compound. Confirmation of the structure of this 
compound comes from its ultraviolet and n.n.r. spectra. The 
ultraviolet spectrum assigns this compound to group (XXXIX), 
i.e. it has an angular aubstituent. The n.a.re spectrum shows 
a methyl absorption at 8.09 c, which is lower than that' the 
9aR-9a-aethyl adduct from 2-methylpyridine but almost the same 
as that of the corresponding 6-methyl-9aH-ieoaer (8.04 T). 
Therefore, since groups (XXXIX) and (XLI) strongly resemble 
each other as regards n.m.r. spectra, the methyl group must be 
in 6-position and the vinyl group in the 9a-position. 
Reaction of 2-phenylpyridine with the ester gave two 
stable isomers (XXXIX and Xl; R z Ph) and a yellow labile 
adduct (XLI; R Ph). The 9a-phenyl-9aR-isomer was isolated 
a* yellow needles (m.p. 14500.)  or as orange needles (m.p. 
1130C.); the two crystalline forms gave slightly different 
infrared spectra as Nu3ol mulla but identical spectra in 
solution. 
The stable adduct (XXXIX; R Ph) resisted tautomeric re-
arrangement by heating alone or by heating with 2-phenyl-
pyridine, with or without solvents, and did not form a per-
chlorate. Rearrangement of the labile isomer (XLI; R Ph) 
to the 4H-isomer (XL; R Ph) was easily achieved either by 
direct heating or by refluxing in acetic acid. The latter 
method, however, also gave a pale yellow tetra-ester as well as 
an acidic compound which could have resulted from partial 
hydrolysis of the molecule. Analysis of the pale yellow 
22. 
compound showed it to be yet another 1:2 pyridine-enter adduct. 
Its n.a.r* spectrum showed neither the sharp singlet and low-
field doublet characteristic of 411-isomers nor the 9a-proton 
absorption of the labile isomers. It seemed feasible that one 
of the rings had been cleaved to give a structure such as 





'reataent of the labile adduct (XLI; R Ph) with tn-
phanylmethyl peroh1orat. 	or with bromine in acetic acid 
followed by perohionlo acid yielded a perchiorate (XLII; 
R - Ph). However, since the stable 411-isomers are basic, as 
shown by the effect of acid on the ultraviolet spectra, 
attempts to tom a perch]orate using the same conditions 
resulted either in protonation (XLV) or in the formation of 
intractable gums: 







H 	C 2C}f 	 H 	coc 3 
Abstraction of a hydride ion to dive the dehydroquirLoliirliu 
salt (XLII; R a Ph) was accomplished by the use of tetrachioro-
orthobensoquinone. 
2-Ethylpyridine and the aoetylenio diester yielded three 
isomeric adducts: orange (XXXIX; It a Et), deep yellow (XLI; 
R • Et) and yellow (XL; R a Et), the labile adduct (XLI) again 
being irreversibly converted to the 4H-isomer (Xi) by heat. 
Both (XLI) and (XL) gave the same dehydroquinolixinium salt 
(XLII; It a Et) under the conditions used for the phenyl com-
pounds. Hydrogenation of the stable adduct (XXXIX; It a Et) 
over Adams' catalyst gave a yellow crystalline dihydro deriva-
tive (XLIII) identical with the hydrogenation product from the 
9a-vinyl adduct (XXXIX; It - vinyl) confirming that the angular 
vinyl group had been reduced. 
On reaction of 2-methylpyridine with the dieater, Diela 
and pistor 6 obtained stable (red) and labile (yellow) 
adducts and subsequently converted the yellow isomer into a 
stable orange isomer. Jackman et alia t 	 from the same re- 
action, Isolated only the orange isomer (XL; R - Me). Under 
our conditions the reaction yielded an orange-red adduct (XLI; 
24. 
R * NO) and a yellow adduct (XXXIX; R - Me) together with the 
orange Isomer (XL; R - Me). Acheson et 	 at first, 
isolated only a yellow isomer (XXXIX; R - Me) but 
obtained all three Isomers. The red and yellow isomers 
Isolated by Diele, although reported to have the same melting 
points as those of our 6-methyl-9sH-quinolisine and our 9a.. 
methyl-quinolizine respectively, had different chemical 
properties. The orange adduct Isolated by Diels was, however, 
a stable adduct and its melting point agreed with that found 
for the 4H-Isomer. 
During a study of the reaction of 2-etyrylpyridine with 
the acetylenia diester Diele and Môller 	isolated an orange 
labile adduct which was converted into two other isomers 
according to the following scheme: 
boiling acetic acid 
Labile 
Adduct 	 Neat alone _ 	 u ct 
/
In Xylene or heat  	 stable 
moltell 	 longer heating 
phenol 
1t Stable Adduct 	
Xylene  
Under our conditions, however, the reaction gave a yellow 
stable adduct (XXXIX; R - etyryl) and an orange labile adduct 
(XLI; R - etyryl) in almost equivalent amounts. A small 
quantity of an Indollaine derivative, probably the same as one 
of the compounds obtained by Diels by oxidation of the"first 
2. 
stable adduct", was also obtained from this reaction. The 
formation of the indolisine derivative under our conditions may 
be accounted for by the tact that the reaction is susceptible 
to impurities in the ether. 
The scheme shown above was found to be essentially correct 
with the exception that an indoUsine derivative was produced 
in most cases in addition to the expected adduct. It was 
impossible to obtain the "first stable adduct" without some re-
arrangement to the "second stable adduct" occurring at the same 
time, the time factor in the heating being very critical. 
Of the two "stable" adducts, the first one showed an 
infrared spectrum the more similar to the spectra of 4I-quino-
lisines but this in Itself was not sufficient evidence for its 
structure. N.n.re spectroscopy, however, clarified the 
structures of the two adducts. The spectrum of the "first 
stable adduct" showed the low-field doublet (1.4 r; J - 8 
c.p.a.) attributed to the 9-proton, and the sharp singlet 
(3.36 () characteristic of 4H-isomers. 	The ester-methyl 
singlete were at 6.08, 6.20 0 6.25 and 6.32 'i', values which 
compare with those of other 4)1-isomers. The "first stable 
adduct" was therefore the 44-quinolizine derivative (XL; 
R = styryl). 	Its ultraviolet spectrum was not closely similar 
to those of other 4H-quinolisinea but this can be attributed to 
the extra conjugation introduced by the 6-styryl group. 
The n.m.rs spectrum of the "second stable adduct" showed a 
low-field doublet (1.49 r; J = 8 c.p.a.) attributable to the 
deahielding effect of the 1-ester group, but no sharp singlet. 
26. 
The spectrum also showed absorptions at 5.56 T' (doublet; 
J = 7 c.p.s.; one proton), 7.1 r (doublet; J a 18 c.p.e.; 
one proton) and evidence of a third proton at about 6.2 T, the 
signal of which was probably a quartet but was partially 
obscured by the ester-OMe peak.. The appearance of these 
three one-proton signals in the high-field region ( > 5 T) was 
accompanied by the disappearance of approximately three protons 
from the low-field region ( Z.  4 T). The only structure which 
can account for these observations is (XLVI) in which intra-
molecular addition of the activated methine group at poiltion 4 
to the styryl double bond has occurred. Thus the 4-proton and 
the two olefinic protons, previously in the low-field region, 
become aliphatic and move to the high-field region. 
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One of the ester-01e groups in this aaduct gave a signal at 
6.75 1', a value which is higher than that in any of the 4H-
quinolizinea and this can be attributed to the 3-ester group. 
Rotation of the 4-phenyl group is hindered, and the high-field 
resonance of the 3-ester group is due to Its position above the 
plane of this ring. The ultraviolet spectrum of the "second 
stable adductO was similar to those of 4H-Iaomere other than 
27. 
the 6-etyryl compound (XI; R atyryl). 
In order to provide chemical evidence for structure (XLVI) 
an attempt was made to convert this compound into a derivative 
of V i e cjcJ.. L3,3,Jazi1iu cation (YiVfl . 
)< LV' it 
Acheson et alia 	have found that tetramethyl 41i-quino- 
lizine-1,2,3,4-tetracarboxylate (XXXIII) on treatment with 
aqueous hydrochloric acid gives 2-carboxy-1,4-dihydroquino.-
lizinium chloride (XLVIII) which on treatment with N-bromo-
eucoinimide yields 2-oarboxyquinolistnium bromide (XLIX). 
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In an attempt to remove the angular carbomethoxy group 
and subsequently dehydrogenate, the hydrolysis and deoarboxyla-
tion procedure was carried out but in this case reaction 
required the use of concentrated hydrochloric acid. 
28. 
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A small amount of a fluorescent compound, probably an 
indolizirie derivative, and a hygroscopic salt were obtained. 
The salt could not be converted into a crystalline perohiorate 
or a picrate and subsequent reactions were therefore carried 
out on the crude perchlorate. However, attempts to dehydro-
genate this crude salt using procedures applicable to the 
formation of dehydroqu1nolisiniu salts were uniformly 
UflaUCCCSBfU1. 
29. 
B. Attempts to synthesise cyol f,3,31azine from 4-substituted 
gulnoli sines 
Structure (XXXYb) represents 4H-quinollzine itself which 
18 unknown except as Its derivatives. 4-uinolisine, which 
would be expected to be non-aromatio in character, contains a 
bicyclic naphthalene ring system with a tertiary nitrogen atom 
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The aromatic derivatives of quinolizine are of two main types, 
the dehydroqulnolizinium salts (XXVI) and the quinolisones, 
e.g. 4-qulnolizone (UI). 	Clearly, to synthesise cyci,3,j 
aziries it is necessary to approach via 4-substituted quino-
lizinea. 
(1) Attempts to synthesise oycl E3,3,1azines In one 
stage from pyridines 
Westphal, Jahn and Heffe 56 have reported the ready 
synthesis of debydroqulnolislnium salts (LIT) from -(etioxy-
carbonylmethyl)-2-metbylpyridlnium bromide (LIII) and (-- 
dik stones. 
30. 
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This reaction, which is catalysed by dibutylaiine, taxes 
advantage of both the reactivity of the 2-methyl group in the 
pyridinium ring and of the reactivity of the N-methylene group 
when adjacent to a carbonyl group. 
It was hoped to apply this reaction to a very direct 
synthesis of the oycl[393,3]a,ine system, -propargyl-2,6-
lutidinium bromide (LV) condensing with either an o-diketone 
or an OL-dialdehyde to give compound (LVI), which might then 
undergo an intramolecular Michael reaction and cyolise to jive 
a oy0113,3,3lazine derivative (LVII). 
L'1 
	 1.-vt 
reaction of propargyl bromide with 2,6-lutldlne 
acetone gave the quaternary salt (IV) but the condensation of 
salt with diacetyl or glyoxal was unsuccessful. The reaction 
31. 
gave a dark amorphous, uncharacterisable solid which did not 
exhibit c = c stretching absorptions in its infrared spectrum 
but no neutral material could be isolated by chromatography. 
Weetpbal's original reaction with diacetyl was found to be 
reproducible although substitution of glyoxal yielded 
intractable tare. It was therefore concluded that the etbynyl 
group in (LV) was not sufficiently activating to induce 
reaction. 
The halogen atom in 2- 9 4- and 6-halopyridinea undergoes 
nucleophi].ic replacement with a variety of reagents. 	For 
example, replacement has been effected by hydroxyl, mercapto, 
alkoxy, metallic and amino groups. More important, however, 
from the present point of view, are the reactions of halopyri-. 
dines with carbanions. Walter and MoElvain 	have reported 
the reaction between sodiomalonie eater and 2-bromopyridine to 
give ethyl 2-pyridylmalonate in small yield, while 
has used sodium hydroxide to eatalyse the reaction of 2-chioro-. 
pyridine with phenylacetonitrile. 
It was hoped to utilise this known reactivity of the 
halogen atom in 2-halopyridirtee to effect the synthesis of 
pyridines with side chains capable of cyolisation to 4-quinoli-
zone 	(LVIII). 
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In an attempt to prepare a 4-quinolizone derivative, 
2-.fluoropyridine was allowed to react with diethyl glutaconate 
or diethyl acetonedicarboxylate, using sodium ethoxide as 
catalyst, but despite the use of a variety of conditions no 
product was isolated. It was therefore concluded that the 
fluorine atop was insufficiently active to be replaced. 
(ii) Attempts to synthesise ci,3jjasine via 
methylene bases of the 4-cjuinoliine series 
Boekeiheide and Lodge 	prepared 4-quinolizone (LII) by 
the condensation of ethyl 2-pyridylacetate and diethyl ethoxy -
methylenemalonate followed by hydrolysis and decarboxylation of 
the initial product, 1,3-diethoxyoarbonyl-4-quinolizone (LX). 
A better conversion of the pyridylacetate has, however, been 
achieved by the use of sodium ethoxide in ethanol as 
catalyst. 
33. 
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Treatment of 4-quinolizone with phosphorus pentaeulphide 
gave 4-thioquinolizone (LXI) which, on quaternisation with 
methyl iodide, gave a quantitative yield of 4-methylmercapto--
dehydroquinolizinium iodide (LXII). 






Reaction of this salt with diethylmaloiiate in alcohol 
containing triethylamine, resulted in the evolution of methyl-
mercaptan and the formation of 4-(diethozyoarbony].aethylene)-






A synthesis of cyc1r3,3,iaz1ne might have resulted if the 
sane derivative could have been prepared from 6-methyl-4-quino-. 
lizone, condensation between one of the earboethoxy t roupe and 
the 6-methyl Croup eiving the third ring. However, attempts 
by Bo elheide 	to replace the carbonyl oxygen by sulphur by 
heating with phosphorus pentasuiphide resulted in tarry 
products from which it was not possible to isolate the desired 
compound. 
(a) The most obvious approach to the cyoi,3,3Iasine 
system was therefore to extend the work of Boekeiheide on 
6-methyl-4-quinolizone by the use of different methods of 
eulphuriaation. For example, in Boekeiheide's preparation of 
4-thioquinolizone only small yields of the suiphurised product 
were obtained whereas a better conversion has now been achieved 
by a method devised by Van Allen and Reynolds. (60)  In this 
method treatment of 4-quinolizone with phoephoryl chloride 
followed by perchioric acid gave a quantitative yield of 
4-chlorodehydroquinoliziniva perchiorate (LXIV) and subsequent 
treatment of this compound with sodium sulphide gave a 7$ 
yield of 4-thioquinolizone. 
co, 	 5 





Unfortunately this approach could not be pursued since the 
requisite starting material, ethyl 6-methyl-2-pyridylaoetate, 
could not be obtained by the method used by Boekelbeide. 
Various attempts were, however, made to utilise 2-cyanomethyl-
6-methylpyridine as the starting material but these were tin-
successful. The products obtained from these reactions gave 
very unsatisfactory analytical results and could not be 
rigorously identified. 
(b) The second approach was to synthesise a methylene 
base of type (LXV) from 4-quinolisone. It seemed probable 
that compound (LXV) would react with electrophilic acetylenes, 
such as dimethyl acetylenedicarboxylate, to give a dthydro-
cyclasin. derivative (LXVI) which on dehydrogenation would give 





R = a) ON; b) coPh; c) CO 2Et 
By analogy with the method used by Leaver and McKinnon (62a) 
for converting methyithiodithiolium and niethyithiopyrylium salts 
into the phenacylidenedithioles and phenaoylidenepyrans, it was 
expected that reaction of 4-ohiorodehydroquinolisinium per-
chlorate (LXIV) or 4-methylmeroaptodehydroquinolizinium iodide 
36. 
(LXII) with sodium benzoylacetate(62  or with sodium cyano-
acetate would give the methylene bases (LXYb) or (LXYa). 
However, these reagents did not react with the quaternary salts 
in the manner expected and either unchanged starting material 
or 4-quinolizone were isolated from these reactions. 
Knott (63)  has shown that treatment of phenacyithiobenso-
thiazoliubroaide (LXVIII) with triethylainine produces 
phenacylidene-bensothiazoline (LXX). It has been suggested 
that a proton is removed from the methylene group and that 
intramolecular nucleophilic attack at the 2-position then leads 
to the episuiphide (LXIX) from which a sulphur atom is extruded. 
CH CC, Pk 
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It was hoped that the dehydroquinolizinium salt (LXXI) 
might undergo a similar reaction sequence to give the methylene 
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37. 
The quaternary salt (LXXI) was prepared by fusion of 4.-thio-
quinolisorie with the appropriate halogen compound and converted 
to the perchiorate form by treatment with perchioric acid. 
However, treatment of the quaternary salts (LXXI) with bases, 
under a variety of conditions, failed to extrude sulphur and 
starting materials were recovered from all attempts. 
A second attempt to utilise 4-thioquinolisone in the 
synthesis of compound (LXVc) was based on the work of Sohönberg 
and preae.' 6 	These workers have shown that a number of 
thiones, on treatment with diasoestera in the presence of 
copper powder or copper sulphide form episuiphides which then 
extrude sulphur with the formation of the corresponding 
methylene coipound. 
heat 	 =  .. + N 	 CHCOt + N2 + $ C = 	2°2 	Cu. CUB > 	/ / 
The reaction of 4-thioquinolisone and ethyl diasoacetate was 
therefore attempted under a variety of conditions 696 but 
without success; starting material was recovered from all 
these attempt.. 
Since it was obvious that an approach to the desired 
compound (LXV), via the 4-quinolisone series, was unlikely to 
be very successful, an alternative synthetic route was examined. 
4-Meth7ldehydroquinolizinium salts (LXXII) seemed to offer 
an alternative approach to the synthesis of methylene bases 
since treatment with alkali might be expected to give the 
unstable and highly reactive methylene compound (LXXIII), which 
might then be isolated as a derivative (LXV; R = electron 
withdrawing group). 
w 7&. 
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Boekelheide,4266) and subsequently Glover and 
first reported the synthesis of the dehydroquinolisinlua ion. 
The first synthesis of the ion had been accomplished by seaman 
and Woodward but had not been reported. 
In Boekelhelde'a synthesis (42)  2-picolyllithiun was 
allowed to react with /3-ethoxypropionaldehyde to give the 
adduct (LXXIV) which, after subsequent cyclisation, dehydration 
and dehydrogenation, yielded dehydroquinolisinium iodide (LXXV). 
CHO 
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4-Methyldehydroquinolizinium salts were obtained in the same 
38. 
ctI ) CqR 
way. 
39. 
Richards and Stevens, (69970)  using the enol-ether or mono-
acetal of a f-diketone, found that the products obtained from 
reaction with 2-picolyllithium could be easily cyclised using 
alcoholic picric acid. The number of stages in the reaction 
was therefore reduced 80 dehydration was accomplished without 
isolation of the initially formed cyclic product. This method 
enabled the synthesis of 2-, 3- and 4-substituted dehydroquino- 
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Clover and Jones (68)  prepared 1-keto-3 9 4-dibydro-2H-quino-
lizinium salts (LXXVII) from 2-cyanopyridine and found that 
these salts could be converted into dehydroquinolizinium salts 
by use of acetic anhydride alone. 










They also showed that, by varying the aliphatic precursor, 
40. 
general synthesis of dehydroquinolizinium salts was available. 
This synthesis has already been extended to 1 9 2 9 3 and 4-sub-
stituted dehydroquinolizinium salts. Substitution of the 
appropriate cyanoquinoline or cyanoisoquinoline gives the 
corresponding benzodehydroquinoliziniun salts. 
In the present work the synthesis of 4-.rxethyldebydroquino-
lizinium salts was effected by a reaction analogous to that of 
Glover and Jones but in this case the aliphatic Grignard 
reagent was replaced by cyclic lactonea. The condensation of 
ethyl 6.-methylpicolinate with '-butyrolactone, usinf, sodium 
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Treatment of the ketolactone (LXXVIII) with hydroeu bromide 1i 
acetic acid, followed by cyclisation in chloroform and dehydra-
tion with acetic anhydride gave 4-methyldehydroquinoliziniva 
bromide (LXXII), identified as Its picrate. The ketolactone 
(LXXX) derived from ethylpicoilnate and 1'-valerolaotone on 
similar treatment with hydrogen bromide in acetic acid yielded 
an oil which subsequently gave an unidentified picrate. How-
ever, hydrolysis with 15 sulphuric acid gave the Intermediate 
hydroxy compound (LXXVI; R a OH) and subsequent cyclisation 
41. 
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Baker and McEvoy (72)  have shown that certain compounds, 
such as quinaldine methiodide and 1-benzyl--2-picolinium 
chloride, can be converted to C-benzoyl derivatives under 
Schotten-Bauziamtconditions. However, on treatment of 4-methyl-
dehydroquinolizinium perchiorate with aqueous alkali, in the 
presence of a methylene chloride solution of benzoyl chloride, 
no evidence for the formation of the bensoyl derivative (LXXV; 
R = COPh) was obtained. Reaction of the 4-methyl compound 
with beuzoyl chloride in dimethyl suiphoxide containing the 
methyleulphinyl carbanion was equally unsuccessful. 
Richards andStevens (70)  have shown that 2-methy1dehydro-
quinolizinium iodide condenses with Rrdimethylaminobenzaldehyde, 
in the presence of piperidine, to form the 2-2.-diaethylamino-




Under the same conditions, however, 4-rnethyldehydroquinolizinium 
perchiorate was recovered. The 4-methyl compound is therefore 
not so reactive as the corresponding 2-methyl compound and since 
attempts to prepare the 2-methylene compounds were unsuccessful 
It was unlikely that any success would be obtained with the 4-
methyl compound. 
The work described In this section has been disappointing 
since it has not been possible to obtain products which could 
have been used as starting materials and hence the hypothesis 
which was postulated could not be tested. 
43. 
C. Attempts to synthesise cycl[3,3,3lazine from the 
cyclopentac] quinolizine series 
The pseudo-azulene cyolopenta[c]qulnolizine (Lxxxix) is 
analogous to 4-methylene qulnolizine derivatives and might be 
expected to undergo the same type of reaction with electro- 
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Dehydrogenation of the dihydrocycloperitacyclazine (JXX.XIII), 
followed by hydrolysis and decarboxylation would give cyclo-
penta [c,dl cycl[3 9 3,311 azlne (LXXXIV) and subsequent fission of 
the 1,2-bond would then give a derivative of cyclL3,3,3Jazine. 
(1) Attempt at a direct synthesis of cyclopentaEc,cflci 
E33, 3jazine 
Lloyd and 	 have reported the preparation of 
some ylidee of cyclopentadiene with pyridine and its homologues. 
A very direct approach to compound (LXXXIV) therefore seemed to 
be available since reaction of the pyridine jUde (LXXXV) with 
dimethyl acetylenedicarboxylate, in the presence of a dehydro-
genating agent, might have resulted in the oyclopenta[c,cfJcycl 
44. 
L5,3,3IJa7lne (LXXXVII), which would be formed via the initial 
ec1openta[c] quinolizine compound (LXXXVI). 
MOM  
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When pyridirilum cyclopentadienylide (LYX)V) wa 	o1 1*d 1 
toluene with 5 palladium on charcoal, in an atmosphere of 
nitrogen, the dropwise addition of dimethyl acetylenedicarboxy-
late gave a tarry material which was separable on alumina into 
a number of components. However, the only component obtained 
in any appreciable quantity could not be identified but was 
shown by analysis and n.m.r. spectroscopy to be a 3:2 adduct 
instead of the expected 1:2 adduct (LXXXVII). 	Reaction of 
compound (LXXXV) in boiling nitrobenzene, nerving the purpose 
of both solvent and dehydrogenating agent, with the less 
reactive ethyl phenylpropiolate was also unsuccessful as 
complete decomposition occurred in this case. 
(ii) Attempts to obtain a synthesis of cycloperita[cJ 
quinoli zine 
In the search for a suitable route to cyclopenta[cjquino -
lizine the synthesis of a model compound, tetrahydrobenzo[c]de- 
hydroqulnolizinium perchiorate (LXXXVIII) was attempted. The 
45. 
reason that this compound was chosen as the model was that 
dehydrogenation of (LXXXVIII) would give benzo[c]dehydroquino -
lizinium perchiorate (LXXXIX) which has already been pr epared( 68 ) 
and this would provide chemical evidence for Its structure. 
ClOjf  	 H 	do; L_ 
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It seeried feasible that if compound (IXXVIII)  and hence the 
dehydroquinolizinium salt (LXXXIX) could be prepared from some 
cyclohexanone derivative then the corresponding cyclopentanone 
derivative might give the corresponding dihydrocyclopentaflcj 
qulnolisinium Bait (XC) which might then be dehydrogenated and 
converted to cyclopenta[c]quinolizIne (LXXXII). 
(a) In one of Richards and Stevens' reactions, namely 
that using the enol-ether of benzoylacetone, the cyclised 
product was not Isolated initially. 	The reaction yielded the 
keto derivative (XCI) which was presumably formed by cleavage 
of the enol-ether precursor. 	This keto derivative was subse- 
quently dehydrated and cycilsed by means of acetic anhydride 















Since this keto derivative was isolated it seems reasonable to 
assume that similar Intermediates are formed during related 
cyclisationa, especially since replacement of the phenyl group 
by a methyl group resulted in a straightforward reaction. 
Therefore, If a suitable keto compound, similar to Richards and 
Stevens' intermediate could be synthesised from some cyolo-
hexanone derivative then this might provide a convenient route 
to the dehydroquinollzlnium salt (LXXXVIII). 
Stork etalia(75) have made extensive use of a general 
procedure for the alkylation of carbonyl compounds via their 
enamine derivatives and have studied the reactions of the 
latter with a wide variety of electrophiles. The reaction of 
the enamines of a cyclic ketone with an electrophilic olefine 
produces an adduct which, on hydrolysis, affords the substituted 
ketone identical with the Michael addition product of the ketone 
and the electrophilic olefine. 
In an attempt to utilise these enamine derivatives as 
precursors In the synthesis of debydroquinolizinium salts of 
type (LX XXVIII) the reaction of the enamine of oyclohexanone 





As with other enaine 
expected to hydrolyse 
it was hoped that trei 
containing perchioric 
then effect immediate 
salt (Lxxxviii). 
adducts compound (XCIII) would be 
to the ketone (XCIV) but for our purposes 
tment of (XCIII) with boiling acetic acid 
acid would first hydrolyse the adduct and 
cyclisation to the dehydroquinolizinium 
When 2-ethynylpyridine was refluxed in toluene with 
2-pyrrolidinocyclohex-l-ene, in an atmosphere of nitrogen, a 
small quantity of a buff coloured solid separated from the 
reaction solution but the main product was a high-boiling 
viscous oil, originally thought to be the adduct (XCIII). 
Treatment of the adduct with acetic aoid/perchloric acid 
solution gave a white crystalline solid but the ultraviolet 
spectrum of this solid showed no relationship to the spectra of 
known dehydroquinolizinlum salts. Since the analysis of this 
compound indicated an empirical formula of 0 17H24N2C1208 , which 
corresponds to a diperoblorate of compound (XCIII) it therefore 
seemed that direct protonatlon had occurred and this was subse-
quently shown to be the case by the regeneration of the 
48. 
original enam.ine on treatment with base. 
It is possible that the result of the reaction was ring 
enlargement of the alioyclio ring by two carbon atoms; although 
this hypothesis fails to explain the resistance of the adduct 




R NJ = prroI.(in 
This type of ring enlargement is known to occur on the addition 
of dirnethyl acetylenedicarboxylate to enaininee 	and is the 
result of the cyoloaddition of the triple bond to the double 
bond of the enamine with the formation of a cyclobutene Inter-
mediate, such as (XCV), which on heating undergoes bond re-
arrangement with expansion of the alicyolic ring. The n.m.r. 
spectrum fails to distinguish between structures (XCIII) and 
(XcVi) since both these compounds have the same ratio of 
aromatic to olefinic to saturated protons. 
The toluene insoluble material was converted into its 
perchlorate and a qualitative ultraviolet spectrum of this 
compound showed absorption maxima at 322 mp and 335 mp which 
compare with the absorption maxima of known dehydroquinolialnium 
salts. This compound therefore appeared to be the desired 
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ehydrobrom1nation of the addition product (XCVII) would give 
the adduct (XCIII) and the presence of hydrogen bromide in the 
reaction media would facilitate cyclisation to compound 
1'r: 	 f)T/ 	r1i'm I 	'er 
is only formed in small quantity in the dehydrobromination of 
2-1 1  ,2 -dibromoethylpyridine. 	kttempte to increase the yield 
of this compound were moderately successful but it was not 
possible to utilise the compound in the synthesis, owing to its 
instability. Sticky oils which were probably polymeric 
materials were the only products from its reaction with the 
enainine. 
Attempts to utilise the more readily obtainable fl-etrioxy-
vinylpyridine and 2-vinylpyridine were also unsuccessful. In 
the first case the starting materials were recovered and the 
latter compound yielded no useful material. 
Recently pyridinium salts containing a reactive N-methylene 
50. 
group, e.g. (XCVIII), have been employed in a Michael reaction 
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Xróhnke 	has shown that the reaction of N-(aminocarbonyl- 
methyl)-pyridinium chloride (XCVIII) with -N,N-dimethylam1no-
propiopbenone (xcix) in methanol results in the elimination of 
dimethylamine and the formation of the intermediate (C). This 
intermediate was not isolated but was heated in forriamide with 
the elimination of pyridine and the formation of 6-phenyl-2-
pyridone (CI). 	Similarly compound (XCVIII) and the Mannich 
base of cyclohexanone give 5 0 6,7 9 8-tetrahydro-2-quinolone. 
Kröhnke and co-workers(7879) have exploited and extended 
this Michael addition reaction using pyridirilum and quinolinium 
salts and suitable acceptor compounds. Using this relatively 
simple procedure they have synthesised not only 2-pyridones but 
also substituted pyridines, azaphenanthrenes, fluoranthenes, 
etc. They have also found that the need for an amino group in 
the starting material can be eliminated if the reaction is 
carried out in the presence of ammonium acetate in acetic acid. 
In an attempt to utilise Mannich bases(80)  as  
in the synthesis of dehydroquinolizinium salts (LXXXVIII) it 
51. 
was hoped that reaction of the Mannich base of cyclohexanone, 
2-(dimethylainomethy1)-cyc1ohexanone, with N-(2-pyridylmethyl)-
pyridinium chloride would give an intermediate (CII) which on 
subsequent cyclisation, with elimination of pyridine, would 







uaternisation of 2-chloromethylpyridine with oyridine in-
acetone at room temperature gave N-(2-pyridylmethyl)-pyridinlum 
chloride which was identified as its dipicrate. However, a 
number of attempts to effect addition onto the kannich base 
were unsuccessful and in most cases the starting material was 
recovered. 
(b) Arnold and Zemlicka have made extensive study of the 
dimethylformiminluin salt (CIII) which has been prepared from 
both dimethylformamide-phosgene (CIIia)(83)  and dimethyl-
formamide-phoaphoryl chloride (dub) (84) 
CH_01 ] 4  ci_ 
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The great reactivity and ready accessibility of this compound 
52. 
have been utilised in the formylation of a wide variety of 
aldehydes, ketones, acetals and ketals and these formylation 
products, particularly those from cyclohexanone and its 
uerivatvei , n -:'ed to offer uit1.c ;rcror for 
of trtrahjdrobenzo [C] dehydroquiiioliziitthri sn.].t 
(LXXXVIII). 
Formylation of cyclohexanone with the dimethylformiininium 
salt gives 2—chlorocyclohexene—l—carboxaldehyde (CIV). (85) 
The simplest approach to the dehydroquinolisinium salt 
(LXXXVIII) would therefore be to quaternise the ring nitrogen 
atom of 2—methylpyridine with the chiorovinyl—aldehyde in the 
hope that subsequent intramolecular condensation of the 
reactive methyl and aldehydlo groups would give the desired 
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;:_Methylpyrldine and 2_chlorcyolohexene_l_carboxaldehyde ;pip 
therefore allowed to react together under a variety of 
conditions but in every case a very dark material was obtained, 
presumably due to decomposition of the aldehyde which is very 
unstable even at room temperature, and decomposes with the 
evolution of hydrogen chloride and the deposition of a tarry 
53. 
material. 
Since one of the limitations involved in the synthesis of 
dehydroquinolizinium salts from 2-picolyflithium is the 
preparation of suitable derivatives of /diketonea and /3 -keto-
aldahydes, these formylation reactions seemed to offer a whole 
new range of precursors suitable for further synthesis. 
Arnold and Zemlicka(86)  have reported formylatlon of the 
diethyl ketal of cyclohexanone to give 2-ethoxycyclohexene-l-
carboxaldehyde (CV) and, in an analogous manner to the prepara-
tion of Richards and Stevens' intermediates, this compound 
would be expected to give the intermediate (CVI). Cyclisation 
and dehydration of this intermediate in acetic acid-perchioric 
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The foriy1ation of eyclohexanone deth'L kctal by the 
dimethylformiminium salt (Cilia) was reported to give an orange 
oil which Was subsequently crystallised to compound (CV). 
However, formylation with compound (Club) gave an orange oil 
which was shown by n.a.r. spectroscopy to be a complex mixture 
of compounds. The mixture could not be separated into 
54. 
components and the reaction therefore had no synthetic value. 
Reaction of 2-picolyllithium with 2-chlorocyclobexene-1-
carboxaldebyde might have been expected to give a similar 
intermediate of type (CVI), i.e. where a chlorine atom has 
replaced the ether grouping. In the event, however, the 
reaction did not give any useful material and the products 
isolated smelt strongly of c--plcoline. To some degree this 
lack of success could be attributed to the Instability of the 
chloro-aldehyde and the most obvious step was to replace the 
chlorine atom with a suitable nucleophile in the hope of 
obtaining a more stable starting material. 
When displacement of the chlorine atom of 2-chiorocyclo-
hexene-1-carboxaldehyde by methoxide and phenoxide lone was 
attempted, the products obtained were very unstable, even at 
000.9 and rapidly decomposed. 	The product from the reaction 
with methoxide ion could not be identified but an n.m.r. 
spectrum of this compound did not show an aldebydic-proton 
absorption and It was therefore certain that the expected 
compound, 2-methoxyoyclohexene-l-carboxaldebyde had not been 
produced. The product obtained from the reaction with 
phenozide Ion was even less stable and, after isolation, 
rapidly decomposed with the deposition of a black tar. 
Replacement of the chlorine atom by a dimathylamino group 
was attempted in both anhydrous and aqueous media. In the 
first case the product Isolated was a very unstable liquid 
which rapidly evolved dimethylamine with deposition of tar and 






The formation of the ketone (CVII) may be accounted for by 
the observations of Arnold and Zemlicka 6 on the behaviour of 
/3-dimethylaminoerotonaldehyde (CVIII) and , -almethylaminovinyl 
methyl ketone (CIX) towards aqueous dimethylamine. 
N(cH3) 2 
CH3-C = CH-CHO 
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Compound (CVIII) isomerised to compound (CIX) on treatment with 
dimethylamine but the reverse isomerisation could not be demon-
strated. The reaction was thought to proceed via an aldehyde 
ammonia (cx) which Is In equilibrium with the dissociated form 
a 
5 . . 
whose rieBomeric cation may, after recombination with a hydroxyl 
Ion and elimination of dimethylamine, give rise to either an 
aldehyde or a ketone; the equilibrium being shifted to the 
side of the more stable product. 
The final attempt at replacement of the chlorine atom was 
by reaction with the ethanethiolate ion. 	In this case 
reaction of 2-chlorocyclohexene-l-carboxaldehyde with the 
sodium salt of ethane thiol under anhydrous conditions gave a 
good yield (88) of 2-ethylthiocyolohexene-l-carboxaldehyde 
(CXII). 
The reaction of 2-pleolyllithium with the ethylthio-alde-
hyde In absolute ether gave a 75 yield of a viscous yellow oil 








A large number of preliminary experiments indicated that the 
dehydration and cyclisatlon of compound (CXIII) to tetrahydro-
benzo[cjdehydroqulnolislnium peroblorate was not straight-
forward. Compound (LXXXVIII) could not be satisfactorily 
prepared On a large scale and It was found best to perform a 
number of small scale preparations when preparing quantities of 
this compound greater than one gram. The cyclisation and 
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dehydration was accomplished by refluxing in acetic acid-
perchlorlc acid, but compound (LXXXVIII) was never prepared 
entirely free from a yellow compound which was probably the 
protonated form of compound (CXIII) or its dehydration product. 
Compound (LXXXVIII) was found to be identical with that 
obtained in low yield from the reaction of the cyclohexanone 
enamine with impure 2-ethynylpyridine. Its structure is thus 
proved by Its synthesis by these two distinct methods. The 
n.m.r. spectrum of the compound showed a ratio of aromatic 
protons to saturated protons of 3:4 and its ultraviolet spectrum 
was very similar to that of the dehydroquinolizinium ion. 
No means could be found whereby the tetrahydrobensoLJde-
hydroqulnolizinium salt (LXXXVIII) could be dehydrogenated to 
the narent benzo[c]d ydrqitholiiniurn nil 	(v TY 
Treatment of (LXXXVITr' with 	11atiu" on charcoal 	rart. 
of solvents, under the conditions normally used for the forma-
tion of debydroquinolizinium salts, left the compound unchanged. 
An attempt to utilise sulphur in dimethylformamide as dehydro-
genating agent was also unsuccessful. 
Since compound (LXXXVIII) could only be prepared in email 
scale reactions and since it resisted attempts at dehydrogena-
tion It seemed probable that a satisfactory synthesis of cyclo-
pentaCcjjquinolizlne would not be obtained by any analopous 
route. 
(iii) The synthesis of cyclopentac,d]cyc1J,3,J azinee 
Indolizines react with dimethyl acetylendicarboxylate to 
58. 	 - 
give, after debydrogenation cyc1[,2,2]az1ne derlvatives.(29) 
Since the enaminea (CXIV) fro,- -, 3•d1rethylan1noethylidene-
indolizinium perchioratee are, in effect, vinrlindolizinee the 
reaction of these enAminee with dimethyl acetylenedicarboxylate 




C- H 	r 
C-4 '.1 
However, it has been shown 	when compounds of type 
(CXIV) are boiled in toluene with dimethyl acetylendicarboxy-
late, diethylaiine is eliminated and the reaction leads to the 
e III I 
I " l— -P, T1&OLOPl- 
'I 
C,(Vt 	b) P = 14 
The formation of tLe 1,2—diestera (CXVIa) proceed by way of 
the intermediate compounds (CXVI!) which can be isolated by 
carrying out the reaction in cold, aprotic solvents and which 
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ic? converted !nt'i the c'c1oenta[cquinolizines by boiling in 
toluene. 
Hydrolysis and decarboxylation of the 1,2-diesters (CXVIa) 
in boilin hydrochloric acid gave the alkyl- and aryl-cyclo-
penta[c]quinolizlnes ((,VIb) and the structure of these 
compounds was proved by degradation and by ultraviolet and 
n.a.r. spectroscopy. 
The reaction of dimethyl acetylenedicarboxylate with these 
indollzln€ enamines therefore provided an indirect synthesis of 
cyclopenta[clquinolizines and althourh attorpts to prepare 
cyclopenta[c]qulnolizine itself, from indolizine, were 
unsuccessful this method was applicable to a wide variety of 
alkyl- and aryl-indolizines. 
Leaver and Gibson(89) reacted 4-methylcyclopenta[c]quino-
lizine with dimethyl ace tylenedicarboxylate and obtained the 
cycileed product (CXVIII; R Me, R t 	= CO  Me) together 
with an open chain compound (CXIX or its 3-substituted isomer). 
The reaction of 4-phenylcyclopenta[c]quinoli1ne with methyl 
pheriylproniolate resulted in the green ester (CXVIII; 
R = R' = -Ph, R"= CO  Me) which was hydrolysed and deoarboxy-
lated to give 3,9-dipherIylcyclopentac 1 d1 cycl[3,3, 3lazine 
(CXVIII; R 	F' = Th,  
N 
CO;Ltl 	I 
cxvIu 	 C%LX 












However, for the purposes of n.m.r. spectroscopy it was 
desirable to obtain compounds with only methyl subetituenta and 
the reaction of 4_methyloyclopenta[c]quinofl7ine "ith 'ectro-
philic acetylenes was therefore studied i order tn nni 
further evidence for the ring system and for the structures of 
the by-products. 
In a number of preliminary experiments 4-aethylcycloperita 
[c]quinollzine (CXYIb; R = Me) was allowed to react with ethyl 
tetrolate In a variety of low- and high-boiling polar and non-
polar solvents. 	In the majority of cases the reaction was 
unsuccessful and only starting material and its decomposition 
products were isolated. Reaction was effected, however, in 
nitrobenzene, and although a considerable amount of decomposi-
tion occurred In this case, this was found to be the most 
suitable oxidising solvent for the reaction. 
The reaction of 4-methylcyclopenta[c] qulnolisine with 
ethyl tetrolate In boiling nitrobenzene give, inter alia, an 
orange compound (CXX) and a red-brown compound (CXXI), both of 
which analysed for 1:1 adducts, together with a brown compound 
(CXYTI) which analysed for 	1:2 cyc1openta[cJquinoii7tre-ter 
adduct. 
61. 
The structures of those compounds followed from elemental 
analysis and n.m.r. spectroscopy. 	The n.m.r. spectrum of the 
orange compound showed a low-field proton absorption centred on 
1.2 'r (doublet, J 	6 c.p.a., with further splitting; one 
proton), due to the o.-pyridy1 absorption of the 9-proton, and 
an olefinic proton absorption at 4.2 Y, due to the proton of 
the side chain. 	Since the o-pyridyl proton was evident it 
was therefore obvious that cyclisation had not occurred and 
that the orange compound could only be open chain compound (Cxx 
or its 1-substituted Isomer). Neither of the brown compounds 
showed this K-.yridyl absorption and It was therefore clear 
that cycileation had occurred in both cases with the formation 
of cyclopentacyclazinee. The red-brown compound gave an 
analytical result with a slightly lower percentage of hydrogen 
than that found for the linear compound (cxx) and its n.m.r. 
spectrum Indicated a ratio of C-methyl (excluding 0-Et protons) 
to aromatic protons of 1:1. Cycliaation with dehydrogenation 
had therefore occurred in this case with the formation of 
compound (CXXI). The n.m.r. spectrum of the brown compound 
showed a one-proton olefinic sin-let at 4.1 1' and, since this 
compound analysed for a 1:2 cycioentacJquino1izIne-e8ter 
adduct, it therefore appeared that compound (cxx) had reacted 
further with ethyl tetrolate with subsequent cyolisation and 
dehydrogenation to give the open chain compound (CXXII). 
Further evidence for the correctness of the structures 
proposed for these three compounds was provided by the reaction 








carboxylate. 	The reaction of the 4-methyl compound with the 
diester, in benzene at room temperature, gave two major 
products: an orange compound (CXXIII) and a green eyclopenta-
cyclasine derivative (CXXIV). 	Both of these compounds were 
1:1 adducts and their ultraviolet spectra were comparable with 
the spectra of the 1:1 adducts obtained from the ethyl tetro-
late reaction. 
C- ,./ 	 iii 
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flri reaction with dinethyl acety1enedcaroxyitte ir, nt;rr 
bensene, the green compound (Cxxiv) was recovered unchanged but 
the orange compound (CXXIII) gave a very email amount of a 
green compound which could not be identified together with a 
rnd rrec co:.>tir 	which analyd fr t 1 2 cc..'tac 
(IdUc t. 	The ri..r. ;nectrum of ttn i 
compound showed no o.-pyridyl proton absorption but showed a 
one-proton olefinic absorption (4.08 Y) in agreement with the 
structure (CXXV). 	By analogy, the 1:2 cyclopenta[cquino_ 
lizine-tetrolic ester adduct was most probably formed from the 
open chain adduct which must, in consequence, be the 
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3-substituted compound (cxxiii) rather than its 1-substituted 
isomer. 
It therefore appears that the initial addition of electro-
philic acetylenes onto cyclopentaLc]quinolizinee takes place in 
both the 1- and the 3-positions with the formation of the 





Then addition takes place in the 1-position with the formation 
of compound (CXXVI) cyclisation with subsequent dehydrogenation 
gives the cyc].opentacyciazine derivatives (CXXI and CXXIV) 
whereas addition in the 3-position results in compound (cxxvii) 
which then undergoes proton transfer with the formation of the 
cyclopenta[c]quinollzlne derivatives (cxx and CXXIII). These 
compounds (CXX and CXXIII) can then undergo further addition at 
the 1-position with the formation of the oyolopentaoyclasine 
derivatives (CXXII and CXXV). 
Hydrolysis of 3,9-dimethyl-4-ethoxycarbonyicyclopenta [c,d] 
oyclr3,3,3lazine (CXXI) with potassium hydroxide in 2-methoxy-
ethanol gave an acid which was readily decarboxylated by vacuum 
sublimation at a temperature slightly above its melting point. 
Chromatography of the sublimed material then afforded 3,9-di- 
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iethylcyc1opentac,d]cycl ri,3,3iazirle  (CXXVIII). 
Cx( V Iii 
The symmetry of this compound was apparent from its n.ri.r. 
spectrum which showed, in addition to a single C-methyl-proton 
absorption (7.6 1; six protons), two singlets (3.04 --T-  and 
3.71 T ; two protons each), attributable to the protons at 
positions 1, 2 9 4 and 8, together with an AD  multiplet 
(2.9 - 3.46-r , 	r 3.05; = 3.34) attributable to the 
protons at positions 5, 6 and 7. Since the spectrum shows 
coupling (J = 0.7 c.p.$) between the methyl groups and the 
adjacent ring protons it is possible to assign the broader of 
the two singlets (3.71 T' ) to the protons at positions 4 and 8 
and hence the sharp singlet (3.04 r) can be assigned to the 
protons at positions 1 and 2. 
Further proof of the symmetry of the ring system was 
obtained by two different syntheses of 3-ma thyl-9-phenylcyolo-
penta[c,dJ cyol[3,3,3]-azine (CXXIX). 	The reaction of 4-methyl- 
with methyl phenyipropiolate, in 
irocerieri, gave the green ester (CXXX). Under the sane 
conditions the reaction of 4-phenylcyclopenta[c]quinolizine 
with ethyl tetrolate gave the corresponding green ester (cxxxi). 
65. 
Hydrolysis and decarboxylation of both these compounds in the 
way already described, gave compound (CXXIX). 
Id Pk 
The reaction of 4-phenylcyclopenta[c] quinolizine and of 
4-methylcyclopenta[c]quinolizine with ethyl propiolate, In 
nitrobenzene, gave the green esters, 3-phenyl.-8-ethoxycarbonyl-. 
cyclopenta[c,dlcyci[3,3,3]azlne (CXXXII; R a Ph) and 3-methyl-
8-ethoxycarbonylcyo1opentarc,d cyc1[3,3,] azine (CXXXII; 







it is interesting to note that the chemical shifts of the 7-
and the 9-proton In these compounds were fairly well separated 
from the main mass of aromatic proton absorptions. The n.m.r. 
spectrum of the 3-methyl compound showed a low-field singlet 
66. 
(1.49 () superimposed on a doublet (1.55 1- ; J = 7 e.p.a.) 
while the main aromatic proton absorptions were at 2.64 - 3.7Y 
The spectrum of the 3-phenyl compound was similar to this but 
the absorptions were all at slightly lower fields, with the 
singlet at 1.3 'r , the doublet at 1.35 T (J = 7 c.p.a.) and 
the aromatic proton absorptions at 1.9 - 3.2 r • The low 
T-values were attributed to the deshielding effect of the 
ester-carbonyl group in the 8-position. The doublet was 
assigned to the 7-proton, which can couple with the 6-proton, 
and the singlet was assigned to the 9-proton, which is isolated 
so that there can be no ortho-coupling. 
d ecer1ox,Iation. of 'onounds (cxxxii) in 
the uua1. way ave 3thye;copentac,dJ cc13, 5 , 3Jazine 
(CXXXIII; R Me) and 3-phenylcyclopenta[c,dl cyolL3,30jasine 
(CXXXIII; R Pb). 	From a study of the n.m.r. spectrum of 
the 3-methyl compound it is clear that the 9-proton absorption 
is a doublet (J = 8.6 c.p.a.) centred on 2.46 	. 	Although 
the n.m.r. spectrum of the 3-phenyl compound is rather more 
comilex it is possible to distinguish a doublet with the same 
-r-value and coupling constant as that found for the 3-methyl 
compound. 
It was therefore possible to assign -r-values to all the 
protons of the cyo1openta[c , d]cyc 1 [3,3 , 3]aine nucleus and the 
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It is noteworthy that, although the methyl protons show i 
chemical shift typical of aromatic-methyl groups, the nuclear 
protons (apart from those at positions 3 and 9) absorb at 
rather a high field for aromatic systems and this may be 
evidence for a high electron-density perimeter. The fact that 
the 1 and 2 protons show relatively low -r-values further 
suggests that the ring current pathway includes carbon atoms 
1 and 2. 
The ultraviolet and visible absorption spectra of these 
compounds are similar to those of the perimeter 14 -eleotron 
systems, 1 9 8-bisdehydro-[141 amu1ene and trane-15,16-dimethyl-
dihydropyrerie.(2425) 	 from Huckel m.o* calcu- 
lations, has suggested that these compounds are not truly 
cycl[3,3,3]azine in character but are more truly represented as 
(cxiv, but this of course is highly speculative. 
CX')%IV 
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The ring system was found not to be susceptible to 
electrophilic substitution under normal conditions. Acetyla-
tion using a variety of conditions, with or without a catalyst, 
was unsuccessful and almost complete decomposition of the 
starting material occurred in most cases. Reaction with the 
very reactive ethoxalyl chloride was no more successful while 
use of the Vilamaier-Haaok technique under conditions successful 
in the indolisine series gave only an amorphous tar. Bromina-
tion, under a variety of conditions and nitration, using the 
mildest reagent, tetranitroxaethane, led to complete decom-
position. Diasonium coupling with diazotised aniline, in both 
aqueous and non-aqueous media, gave complex mixtures and the 
products which were isolated from this reaction did not seem to 
be azo-compounds. 
The only successful substitution reaction occurred when 
bensoylation was carried out by heating 3,9-dimethylcyciopenta 
Lc,dlcycl[3,3,3Ilasine in bensoyl chloride in the presence of 
sodium bicarbonate to keep decomposition to a minimum. 	This 
reaction yielded both a mono- and a dibeuzoyl derivative 
although the latter compound was only formed in trace amount. 
However, reaction with acetyl chloride under the same conditions 
was unsuccessful, and, owing to the complexity of the n.m.r. 
spectrum of the dibenzoyl derivative, no definite conclusion 
could be drawn as to the positions of substitution in this 
compound. 
The n.m.r. spectrum of the monobensoyl derivative ehOw*d 
two C-methyl-proton absorptions at 7.2 T and 7.6 'r 
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respectively, together with two broad one-proton ainglete 
(3-3 --r and 3.56 7' ), whereas the n.m.r. spectrum of the 
starting material showed only a single 0-methyl-proton 
absorption (7.67' ; six protons) and one broad singlet (3.77'; 
two protons). The movement of one of the 0-methyl-proton 
absorptions to a lower field can be attributed to the de-
shielding effect of the carbonyl group. This suggests that 
substitution has probably taken place at the 1- or at the 4-
position since a eubatituent in either the 5- or the 7-position 
would be too far removed to exert a deahielding effect of the 
magnitude observed. Substitution in the 6-position could also 
be eliminated since the molecule would still be symmetrical and 
hence the (-methyl-proton absorption would still be a singlet. 
The spectrum of the starting material shows coupling 
(J = 0.7 c.p.a.) between the methyl groups and the 4- and 8- 
protons (3.70 -'r ) and If substitution had occurred in the 
4-position the low-field methyl group should become decoupled. 
Since the spectrum of the iuonobenzoyl derivative shows coupling 
(i = '- 096 - 0.7 c.p.a.) between the methyl groups and the 
adjacent ring protons, which are now present as two separate 
peaks (3.3 7' and 3.56 7') it is clear that the 4- and 8-
positions are uneubstituted. Substitution has therefore taken 
place at the 1-position in the molecule. 
Cyc113,3,3lazlne itself has not been f)repared but ttet 
to synthesise this compound have led to oyolopenta[c,d]cyol 
[3,3,3]azine derivatives which have been investigated. 	Cyclo- 
70. 
pentao,d1 oyol[3, 	3J aue itself' 	:tO . bee ii 	'Cr(ci O1fl 
to the inability to obtnintne requisite etartios 1 ,irateriCi but 
the synthesis of monosubstituted cyclopentacyclaine derivatives 
indicates that the parent compound should be stable enough to 
exist. The ring system although aromatic and stable to the 
presence of oxygen, more so than the cyclopenta[c]quinolizines, 
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}XPERIMN?AL PROCEDURE WD IffSULTS 
Melting points and boiling points are uncorrected. 
Analyses were by Dr. Minnie of Andrew H. Baird Ltd., 
dinburgb. 
Infrared spectra were taken on a Perkin-Elmer alnfraoordw 
and on a Unicam S.P. 200 spectrophotometer. 
N.M.R. data were obtained using a Perkin.flmer RiO 
(60 Mci'S) nuclear magnetic resonanc .iectrometer using 
tetramethylellane (2() as an inter?cd standard. 
Unless otherwise stated: 
Solutions were dried over an anhydrous sodium sulphate or 
anhydrous magnesium sulphate. 
Light petroleum was the fraction distilling between 
60-80°C. 
Ultraviolet spectra were determined in ethanolic solution 
using a Perkin-Elmer model 137 u.v. spectrophotometer and are 




Reaction of 2vinylpyridine with dimethyl acetylenedicarboxylate 
Redistilled 2-vinylpyridine (5.2 g.) was added in email 
portions, with stirring, to a solution of dimethyl acetylene-
dicarboxylate (14.3 g.) in 100 ml. of sodium-dried ether at 0 CC. 
When addition was complete the mixture was left in a stoppered 
flask for 3 d&ye, at room temperature, when the solvent was 
removed wider reduced pressure. Approximately 4-5 g. of the 
dark residue was dissolved in the minimum of benzene and 
chromatographed on deactivated alumina. 
1ution with benzene gave a yellow fraction which, on 
removal of the solvent, gave a yellow solid which was re-
crystallised from methanol. 
Yield = 2.5 g. 	a.p. a 110°C (methanol) 
Tetramethyl 9a-vinyl-9aH-quinolizine-1 9 2,3, 4-tetracarboxy- 
late 019H19N08 requires: C a 58.58 1%: H - 4.88% : N a 3•5 
found: C a  58.19% * H - 4.69% : N - 3.3% 
Purther elution with benzene gave a second yellow fraction 
which, on removal of the solvent, gave a red oil. All 
attempts to crystallise this oil resulted in failure, but the 
ultraviolet spectrum suggested that the compound was tetra-
methyl 6-vinyl-9a11-quinolizine-1 9 2 9 3,4-tetracarboxylate. 
Blution with benzene-ether (3/1) gave a yellow fraction 
which cryetalliaed from methanol but could not be identified. 
Yield = 0.1 g. 	m.p. a 155-1560C (methanol) 
Analysis: 	 C - 58.17 : H a 4.73% : N a 2.67% 
C19H19N08 requires C = 58.58% : H a 4.884 : N 3.5% 
72. 
7- max. 270,407 nyi; unchanged by the addition of 
perchioric acid. 
Elution with ether gave a red fraction which crystallised 
from methanol but could not be identified. 
Yield a 0.01 g. 	m.p. = 233-235 °C (methanol) 
2 max. 250, 281, and 468 rip unchanged by the addition of 
perchioric acid. 
Attempted preparation of the dehydrociuinollzinium salt (XLII; 
R vinyl) 
The red oil (0.2 g.) obtained above was dissolved in 
acetic acid and heated gently with a slight excess of tn- 
phenylmethyl perch1orate(441)  for 2 minutes. After standing 
at room temperature for 4 hours the mixture was filtered and 
diluted with ether to give a dark yellow solid. 
Treatment of the oil with bromine in acetic acid in the 
presence of perohioric acid gave the same result. The infra-
red spectra of these compounds showed both to be perchioratee 
max. Ca. 1100 oi) but both resisted all attempts at 
purification by reoryatallisation, decomposition occurring in 
both oases. 
Iydrogenation of tetnainethyl 9a-vinyl-9aH-guinolizine-1. 2,34-
tetracarboxylate 
The quinolisine (0.5 g.) in methanol (100 ml.) was shaken 
with Raney or platinum oxide, under hydrogen at one 
atmosphere until the absorption of hydrogen ceased. The 
73. 
solution was filtered through edits, evaporated to a small 
volume and cooled in ice to 0 0C. The product separated as a 
pale yellow solid and was recryetalliaed from methanol. 
Yield a 0.35 g. 	m.p. = 136-137 0C (methanol) 
Tetramethyl 8, 9-dihydro-9a-ethyl-9aE-quinolisine-1, 2,3,4-
tetracarboxylate 
019H23N08 requires: C = 58.005 	: H - 5.584 : N = 3.56 
found: C = 58.274 H a 577 	: N 	3.5O 
Reaction of 2-methyl-6-vinylpjridine with dimethyl 
ac etylened icarboxylate 
Purified 2-methyl-6-vinylpyridiiie (1.1 g.) was added 
slowly, with eitrrin.g, to a solution of the acetylenic diester 
(2.9 Be) in 25 ml. sodium-dried ether. 	The mixture was left 
for 3 days, at room temperature, when the solvent was removed 
under reduced pressure. The reeldued gum was dissolved in the 
minimum of benzene and chromatographed in the usual way. 
Pour fractions were obtained on elution but only the first 
of these, an orange fraction, was obtained in any appreciable 
quantity. Removal of the solvent and trituration with 
methanol gave deep orange needles which were racryatallised 
from methanol. 
Yield a 03 g. 	m.p. a 94-960C (methanol) 
Tetramethyl 6-methyl-9a-vinyl-9aH-quinolisine-1 9 2 9 3 9 4-
t e tracarboxylat S 
020H 1NO8 requires: C a 59.551A : if - 5.211( : N - 3.4$ 
found: C - 59.08% : H a 5.20% : N a 3.3% 
74. 
Reaction of 	 with dthethyl 
acetylenedicarboxylate 
2-?henylpyridine (2.6 g.) was added slowly with stirring 
to a solution of the acetylenic ester (4.8 g.) in 50 ml. 
sodium-dried ether at 00C. The reaction mixture was left for 
3 days, at room temperature, when the solvent was removed under 
reduced pressure. The residue was dissolved in the minimum of 
benzene and chromatographed on deactivated alumina. 
Elution with benzene gave a yellow fraction which, on 
removal of the solvent, gave a yellow solid. This compound 
could exist in two crystalline forms and subsequent re-
crystallisation from methanol gave either yellow needles (m.p. 
113-114°C) or orange needles (iT.p. 145-146 0C). 	The two forms 
gave slightly different Infrared spectra as nujol nulls but 
identical spectra In solution. 
Yield n 1.8 g. 
Tetramethyl 9a.-phenyl-9aH-quinoli zine-1, 2,3, 4-tetra-
carboxylate 
C23H21N08 requires: C = 62.87% : H 4.78 : N = 3.19 
found: C = 63.00 : H 4.67 : N n 3.32% 
Elution with benzene-other (4/1) gave a second yellow 
fraction, which on removal of the solvent, gave a yellow solid 
which was recryatallised from methanol. 
Yield = 1.3 g. 	m.p. = 176-1770C (methanol) 
Tetramethyl 6-phenyl-9aH-quinolizine-1,2, 3,4-tetracerboxylate 
C23H21N08 requires: C = 62.87% : H = 4.78% : 1 a 3.19% 
founds C a 62.75% : H a 4.53% : N a 3.17 
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Further elution with benzene-ether gave an orange fraction 
which, on removal of the solvent, gave a red solid which was 
recryataflised from methanol. 
Yield - 0.06 g. 	m.p. a 199-200°C (methanol) 
Tetramethyl 6-phenyl-4H-quinoliine-1 ,2,3, 4-tetracarboxylate 
023H21N08 requires: C - 62.87t' r H = 4.78 	z N = 3.19 
found: C = 61.86% : H = 4.62$ : N a 3.24c 
Reaction of tetraxnethyl 9a-phenyl-9a1{-guinolizirie-1 1 2,3,4- 
tetracarboxylate with 2-pbenyl2yridjne 
The quinolizine (1 g.) in xylene (50 ml.) containing 2-
phenylpyridlne (0.05 ml.) was boiled under reflux for 24 hours. 
On removal of the solvent under reduced pressure the residue 
was chromatographed on deactivated alumina with recovery of the 
starting material. 
Heating the quinolizine with 2-phenylpyridine at 190 00 
gave the same result. 
Tetramethy]. 6-phenyl-4H-guinolizine-1, 23, 4-4straoarboxy]ate 
(1) The 9aH-quinolizine (0.2 g.) was heated at 1900 for 
2 minutes. The oil was then triturated in methanol and subse-
quently recrystallised to give red needles. The product was 
shown to be identical with the 411-compound already Isolated 
(mixed melting point and infrared spectra). 
(Ii) The 9aH-qulnolisine (0.5 g.) in acetic acid (5 ml.) 
was refluxed for 4 hours. The cooled solution was shaken with 
water (20 ml.) to precipitate a dark coloured product which was 
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filtered off, washed with water and dried. 	The solid was 
dissolved in benzene and chroniatographed on deactivated alumina. 
Blution with benzene gave a yellow fraction which, after 
removal of the solvent, was crystallised from methanol to give 
a pale yellow solid, which was recrystallised from methanol. 
Yield = 0.07 g. 	M.P. = 130_13l00 (methanol) 
6-(i' ,2' ,3' ,4' -tetramethoxyoarbonylbutadienyl)-2-phenyl-
pyridine (?) 
C231121N08 requires: C n 62.57%: H = 4.781 4 : N = 3.191% 
found: C = 63.16%: H 	4.89% : N = 3.13% 
Blution with benzene-etber (3/1) gave an orange fraction 
which, after removal of the solvent, gave the 4H-Isomer (0.18 g). 
Elution with methanol gave a red fraction which, after 
removal of the solvent, gave a red glass. The infrared 
spectrum of this compound was characteristic of an acid but 
attempts to eaterify it in methanolic-hydrogen chloride failed 
to give a product. 
When the acetic acid treatment was carried out with 
shorter reaction times an appreciable amount of the 9aH-iaomer 
was left unconverted. 
6-Phenyl-1, 2. 3,4-tetramethoxycarbonyldehydroguinolizlnlum 
perchiorate 
(1) The 9a-qutno1izine (0.2 g.) was warmed gently in 
acetic acid (5 ml.) with a slight excess of triphenylmethyl 
peroh1orate 	for a few minutes. When all the solid had 
dissolved the solution was left at room temperature for about 
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2 hours when the quaternary salt separated out. The pale 
yellow solid was filtered off, washed with ether and re-
crystallised from methanol containing a trace of perchioric 
acid to give a white flocculent solid. 
Yield = 0.3 g. 	m.p. = 238-2390C 
6-Phenyl-1 ,2,3, 4-tetrartethoxyoarbonyldehydroquinoljslnjum 
perch].orate 
C23H20N01012 requires: C 51.30 : H 3.72% : N 2.60% : 
C]. - 6.60% 
found: C a 50.88% t H 3.49% : N - 2.6$ z 
6.64% 
A 10% w.,/v. solution of bromine in acetic acid 
(1 ml.) was added to the 9a11-quinolizine (0.2 g.) suspended In 
acetic acid (1 ml.) and 71$ perchioric acid (0.2 ml.). 	After 
a few minutes warming the solution was allowed to cool to room 
temperature, when the perchiorate (0.3 g.) separated as a pale 
yellow solid. Recrystallisation gave a white solid Identical 
with that obtained in W. The same result was obtained when 
the reaction was carried out without heating. 
The 4H-qulnollzine (0.2 .) In acetic acid (3 ml.) 
was heated gently for a few minutes with a alight excess of 
tetrachloroorthobenEoquInone 	and 7l4 perchiorlo acid 
(0.2 ml.) was added. After standing a few hours at room 
temperature the mixture was filtered and diluted with ether, 
and the pale yellow precipitate (0.28 g.) was reorystailleed to 
give a perchiorate identical with that obtained in (I). 
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Reaction of 2-ethylpyridine with dimethyl acetylenedloarboxylate 
2-thy1pyridine (2.2 g.) was added slowly, with stirring, 
to a solution of the ester (6 g.) in 100 ml. of dry ether at 
00C. 	The reaction riixture was left for 3 days, at room 
temperature, when the solvent was reioved under reduced 
pressure. Approximately half of the residue was dissolved In 
beuzene and obromatographed on deactivated alumina. 
Elution with benzene gave an orange traction which, on 
removal of the solvent and crystallisation from methanol, gave 
an orange solid which was reoryatalileed from methanol. 
Yield = 0.65 to 	mop. 	117-1180C (methanol) 
Tetrariethyl 9a-ethyl-9a1i-quinolI,ine-1,2 9 3,4-tetracarboxylat. 
C19H21N08 requires: C = 58.3l : H 	5.37 : N 3.58'' 
	
found: C 	58.34 : H - 5.18' : N - 3.58% 
Elution with benzene-ether (3/1) gave a yellow fraction 
which, on removal of the solvent and crystallisation from 
methanol, gave a deep yellow solid, which was reorystallleed 
from methanol. 
Yield = 0.5 g. 	mop. 	123-124 00 (methanol) 
Petrarnethyl 6-ethyl-9aH-quinollzlne-1 ,2, 3,4-tetracarboxylate 
C19H211R08 requires: C 	58.31% : H = 5.37% : N 5.58' 
found: C 	58.19, -': H - 5.04 : N - 3.25 
Further elution with benzene-ether gave a second yellow 
fraction which, on removal of the solvent and crystallisation 
from methanol, gave a pale yellow solid, which was re-
crystallised from methanol. 
Yield = 0.2 g. 	mop. 	186-1870C (methanol) 
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Petraznethyl 6-ethyl-4H-quinoli7,ine-1 ,2,3, 4-tetracsrboxylat. 
C 19H21N08 requires: C = 58.31 : H = 5.37% : N 3.58% 
found: C = 58.044 : H = 5.41% : if = 3.60% 
Jydrontion of tetranethyl 9a-eth71-9&-Quinolizine--1,2, 3,4-. 
tetracarboxylate 
The quinolizine (0.5 g.) In methanol (100 ml.) was shaken 
with Raney nickel, under hydrogen at one atmosphere, until the 
absorption of hydrogen ceased. The solution was filtered and 
concentrated when the product separated as a pale yellow solid, 
which was recryatallised from methanol. 
Yield 0.34 g. 	m.p. w 136-13700 (methanol) 
The product was Identical with the tetramethyl 8,9-dihydro-
9a-ethyl-9aH-quinollzlne-1 9 2 9 3,4-tetracarboxylate obtained by 
hydrogenation of the 9a-vInyl compound. 
Tetrainethyl 6-ethy1-4H-q4nolIzine-1,2,3,4-tetracarbox'1ate 
The 9aff-quinolizine (0.2 g.) was heated at 1900C for 2 
minutes and the resultant oil was triturated with methanol to 
give a yellow solid which was shown to be identical with the 
4H-isomer (mixed melting point and infrared spectra). 
6-Ethyjl-1,, 3, 4-tetramethoxycarbonyldehydroq.uinolizinium 
Perchlorate 
(I) The 9a11-quinolIzine (0.2 g.) was warmed gently in 
acetic acid (5 ml.) with a alight excess of triphenylmethyl 
peroh1orate 	for a few minutes. The solution was filtered, 
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diluted with ether and the precipitate was recryatallieed from 
methanol containing a trace of perchioric acid to give a white 
solid. 
Yield = 0.28 g. 	m.p. 	182-1830C 
6-Ethyl-1 9 2,3, 4-tetramethoxycarbonyldehydroqu1noliinium 
perohiorate 
C 19}120NC1012 requires: C a 46-584 H 4.09% : N a 2.86% : 
C]. 	7.25% 
found: C - 46.14 : H u 4.01% : N - 2.824, : 
Cl - 7.04% 
(ii) The 4H-quino1izine (0.2 g.) was heated gently in 
acetic acid (5 ml.) with a slight excess of tetrachloroortho-
benoquinone for a few minutes and ii% porchiorio acid (0.2 ml.) 
was added. After standing at room temperature for a few hours 
the mixture was filtered and diluted with ether. The precipi-
tate was recryeta].liaed to give a white solid identical with 
that obtained in (1). 
Reaction of 2-aethylpyridine with dimethyl 
acetylened1carhoxy1ate 6 
2-Methylpyridine (1.86 g.), refluxed over calcium hydride 
for 1 hour and distilled, was added to a solution of the ester 
(5.7 g.) in 50 ml. of dry ether at 0 0C. The reaction mixture 
was left for 3 days, at room temperature, when the solvent was 
removed under reduced pressure. The residue was dissolved in 
benzene and chromatographed on deactivated alumina. 
Elution with benzene gave a yellow fraction which, on 
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removal of the solvent and crystallisation from methanol, gave 
a yellow solid which was recryatallised from methanol. 
Yield 0.95 g. 	M.P. = 1380C (methanol) 
Tetramethyl 9a-methyl-9afl-quinolizine-1,2 9 3,4-tetracarboxy-
late, (Lit. 1 	mop. 13800). 
Elution with benzene-ether (3/1) gave a red traction which, 
on removal of the solvent and crystallisation from methanol, 
gave a red-orange solid which was recrystallised from methanol. 
Yield = 0.87 g. 	m o p, = 12600 (methanol) 
Tetramethyl 6-methyl.'9aH-quinolizine-1, 2,3, 4-tetracarboxy-. 
late, (Lit. 7 	n.p. 1260C). 
Further elution with benzene-other gave an orange fraction 
which, on removal of the solvent and crystallisation from 
methanol, gave an orange solid which was recryatallised from 
methanol. 
Yield a 0.08 go 	mop. - 238-23900 (methanol) 
Tetramethyl 6-methyl-4H--quiriolizine-1 ,2,3, 4-tetracarboxy-
late, (Lit.(40)  mop. 238-2390C). 
Reaction of 2-styrylpyridine with dimethyl acetylenedicarboxylat. 
A suspension of finely-ground 2-atyry1pyridine 	(4.6 g.) 
in 50 ml. of dry ether was thoroughly mixed with the ester 
(7.5 g.) at 000. The reaction mixture was left for 3 days, at 
room temperature, when the solvent was removed under reduced 
pressure. Approximately half of the residue was dissolved in 
the minimum of benzene and chromatographed on deactivated 
alumina. 
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Elution with benzene gave a pale yellow fraction which, on 
removal of the solvent and crystallisation from methanol, gave 
yellow-green fluorescent needles which were reorystallised from 
methanol. 
Yield a 0.3 g. 	M.P. 	145-14600 (methanol) 
Trimethyl 5-etyryllndolizine--1,2, 3-tricarboxylate (Lit. 49 
m.p. 14700) 
C22H19N06 requires: C 67.2% * H 4.8% : N - 3.6% 
found: C n 67.55%: H 4.50% $ N * 3.69 
?urther elution with benzene gave a yellow fraction which, 
on removal of the solvent and crystallisation from acetonitrile, 
gave a yellow solid which was raorystallised from acetonitrile. 
Yield 	1.5 g. 	m.p. 117-1180 (acetonitrile) 
etrazethyl 9a-etyryl-9aH-quizioliine-1,2 9 3,4-tetracarboxylate 
C 25H26 N08 requires: 0 = 64.52% : 11 4.95% : N 	3.01% 
found: C 	64.61% : II 	4.96 : 	2.974 
Elution with benzene-ether (3/1) gave an orange fraction 
which, on removal of the solvent and crystallisation from 
acetonitrile, gave an orange solid which was recryatallised 
from acetonitrile. 
Yield 	1.8 g. 	m.p. 	186-1870C (acetonitrile) 
etramethy1 6-atyryl-9aH-quinolizine-1 ,2,3, 4-tetracarboxy-
late, 	 m.p. 157-18800) 
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Preparation of stable adducts from tetraiethyl 6-atyryl-9&-
2u1no11z1ne-i2 1 3,4-tetracarboxy1ate 
(1) A solution of the 9a-quinolizine (0.4 g.) in 2 ml. 
of acetic acid was boiled under reflux for 2 hours. The 
cooled reaction mixture was shaken with water (20 ml.) to 
precipitate an orange-brown product which was filtered off, 
washed and dried. Recrystallation from methanol afforded 
orange-brown crystals. 
Yield = 0.33 g. 	insp. = 1920C (methanol) 
Diele' 02nd stable adduct," compound (XLVI) (Lit. 9 
m. p. 19200 
The 9aI-quinolizine (0.1 g.) was added to molten 
phenol (0.2 g.) and the mixture heated for 1 minute. Methanol 
(5 ml.) was added to the still warm solution which was then 
cooled in ice to 00C, when bright red needles were obtained. 
Yield = 0.04 g. 	m.p. a 204-20500 (methanol) 
Dielo' "let stable adduct," tetramethyl 6-atyryl-4M-quino-
lleine-1,2,3,4-tetracarboxylate 	 m.p. 205 °C) 
Prolonged heating led to the formation of an inappreciable 
amount of an indolisine derivative together with the "2nd 
stable adduct". 
The 9aE-quinolizine (0.2 g.) was heated for 14 
minutes at 19000 and the resultant oil was dissolved in benzene 
and chromatographed on deactivated alumina. 
Elution with benzene gave a minute amount of the 
indolisine derivative, which was discarded, together with a red 
fraction which, on removal of the solvent crystallised from 
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methanol to give bright red needles Identical with those 
obtained in (ii). 
Yield a 0.02 g. 	m.p. a 204-205°C (methanol) 
Elution with benzene-ether (3/1) gave a second red 
traction which, on removal of the solvent and crystallisation 
from methanol, gave orange-brown crystals identical with those 
obtained in (I). 
Yield a 0.08 g. 	m.p. 190-1920C 
Attempted hydrolyeIa and decarboxylatlon of DIele' "2nd stable 
adduct" 
Compound (xLVI) (1 g.) was refiuxed in 5 al. of concentra-
ted hydrochloric acid for 2 hours and the cooled reaction 
mixture extracted with chloroform (3 x S ml.). Evaporation of 
the extract gave a small quantity of a yellow-green fluorescent 
oil, which was rejected. 	The aqueous solution was evaporated 
to dryness, in vacua, and the brown residue was left overnight, 
in vacua, over potassium hydroxide. 
Yield = 0.3 g. 
No solvent could be found for recryatallisation. Treat-
ment with perchioric acid in methanol and precipitation with 
ether gave a hygroscopic perchlorate which was dried in vacuo. 
Treatment of the foregoing perchiorate with dehydrogenating agents 
The crude perohiorate (0.15 g.) was refluxed in dioxan 
(6 ml.) and water (1 ml.) with N-broinoeuccinimide (0.18 g.) for 
1 hour. 	The cooled solution, on dilution with ether, gave a 
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deliquescent solid which could not be recrystalileed. 
A eizaiiar result was obtained by the use of tetrachioro-
orthobenzoquinone in acetic acid and on use of 5% palladium on 
charcoal in n-butyl alcohol. 
Reaction of proparpyl bromide with 2,6-lutidine 
1quimolecular proportions of propargyl bromide (2.4 g.) 
and 2,6-lutidine (2.5 g.) were mixed together in acetone. 	On 
standing at room temperature for 4 weeks the solution deposited 
crystals of the quaternary salt which was reorystallised from 
alcohol. 
Yield = 1.5 g. 	m.p. 	204-205 °C (ethanol) 
N-propargyl-2 9 6-lutidiniuin bromide 
010H12NBr requires: C - 53.10% : H - 5.314 : N 6.10 : 
Br = 35.4% 
found: C 	53.46% : If - 5.28% : N 6.70% , 
Br = 35.76% 
Reaction of the foregoing product with °—diketones and 
o&'-dialdahydea 
The quaternary salt (0.57 g.) and diacetyl (0.22 g.) were 
refluxed for 3 hours in alcohol (10 ml.) containing dibutylamine 
(0.33 g.). Concentration of the reaction solution gave a dark 
amorphous compound which could not be characterleed. 
Reaction with glyoxal monohydrate under the same conditions 
was equally unsuccessful. The reaction of N-(ethoxyoarbon.yl-
mathyl)-2-..rnethylpyrldinium bromide (56)  with glyoxal gave an 
intractable tar. 
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Attempted reaction of 2-fluoropyridine with diethyl rlutaconate 
and diethy]. acetonedicarboxylate 
Diethyl glutaconate (1.85 g.) was added to dimethyl-
formamide (20 ml.) containing sodium ethoxide (0.68 g.). 
2-Pluoropyridine was added and the solution was refluxed for 
4 hours. When cool the red solution was poured into water and 
acidified with dilute sulphuric acid. Extraction with ether 
gave a small amount of a red oil which appeared to be a mixture 
of starting materials and no crystalline material could be 
isolated. 
Similar experiments with diethyl acetonedicarboxylate and 
with longer reaction times were also unsuccessful. 
Attempted preparation of 6-methyl-1-cyano-3--ethoxycarbonyl-4- 
Quinolizone 
(1) 2-Cyanomethyl-6methylpyridine 6 	(1.3 g.) and di- 
ethyl ethoxymethylenemalonate (2.3 g.) were heated together for 
3 hours at 180-185 0C. Some ethanol distilled from the melt 
and the resultant oil was poured into water. Extraction with 
ether gave a yellow-green fluorescent extract but on removal of 
the solvent no crystalline material could be isolated despite 
the use of a number of solvents. 
(ii) 2-Cyanomethyl-6-methylpyridine (2.94 g.) was added 
to a solution of sodium (0.51 g.) in 10 ml. of ethanol. 	Di- 
ethyl ethoxymethylenemalonate (4.86 g.) was added dropwise with 
stirring, and the reaction mixture left overnight at room 
temperature when a yellow solid was isolated and recrystallised 
from water. 
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Yield a 5 g. 	m.p. 	62-650C 
014N12N20, requires: C = 65.52 	if = 4.59% : N - 10.97% 
found: C = 53.124, : H = 5.30% : N 	6.88% : 
Res. a 12.9% 
Other experiments in ethanol, using sodium ethoxide as 
catalyst, were unsuccessful and no useful material was isolated. 
1-Methoxyoarbonyl-3-ethoxycarbonyl-4-ciui nol I zone 
The reaction of methyl 2-pyridylacetate and diethyl 
ethoxymethylenemalonate In alcohol containing sodium 
ethoxide 59 gave a 65% yield of the quiriolizone. 
4-Chlorodehydroguinoliainlum perohlorate and 4-thiogulnolizone 
These compounds were prepared from 4-quino1Izone 	by 
the method of Van Allen and Reynolds. (60)  
Reaction of 4-.methylnercaptodehydroquinolIzInIum iodide (34)  
with sodium bensoylacetate 
The iodide (0.6 g.) was added to a suspension of sodium 
benzoylacetate ( 621 ) in ethanol (prepared from sodium ethoxide 
(0.08 g. Na.) and bensoylacetic acid in 50 ml. of ethanol) and 
the mixture was heated under reflux for 5 hours. When cool, 
the reaction mixture was poured into water, extracted with 
ether and dried. Removal of the solvent gave a yellow deli-
quescent solid, with an infrared spectrum identical with that of 
4-quinolizone. 
In a similar reaction with 4-chlorodehydrociuinolizinium 
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perchiorate the starting material was recovered unchanged on 
removal of the solvent. 
Preparation of perchiorates (LXXI) 
4-Thioquinolizine (1.6 .) and ethyl bromoacetate 
(1.8 g.) were heated together on a steam bath for 10 minutes. 
The mixture was washed well with ether and the ether-insoluble 
residue was dissolved in acetic acid. Addition of perobloric 
acid gave 4-(ethoxyoarbonylmethylthio)-debydroquinolizinium 
perchiorate (3.3g.; 9570. 
Similar treatment of the thione (0.8 g.) with phenacy]. 
bromide (1 g.) gave 4-phenacylthiodehydroquinoliainium per-
chlorate (1.7 g.; 90%). 
No solvents could be found for rocrystallisation and, as 
it was felt that no great benefit would accrue from purification 
at this stage, attempts were discontinued. 
Treatment of perchioratee (LXXI) with bases 
The perchiorate (LXXIa) (0.35 g.) suspended in 10 ml. of 
alcohol, was treated with triethylamine (0.3 ml.). 	The 
mixture was stirred for 3 hours, diluted with water and 
filtered with the recovery of the starting material. 
Similar experiments with perchlorate (LXXIb) using tn-
ethylamine, under a variety of conditions, and pyridine as base 
were equally unsuccessful. 
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Attempted reaction of 4-thioQuinolizone with diazoacetic eater 
The thIone (0.2 g.) and copper powder (0.35 g.) in 
15 ml. of light petroleum (h.p. 100-120°C) were heated under 
reflux with ethyl diasoacetate (0.54 g.) for 30 minutes. 	The 
reaction mixture was filtered while still hot and the residue 
washed repeatedly with hot benzene. The filtrate was concen- 
trated to give a yellow oil which was chromatographed on alumina 
to give unchanged thione. 
Similar experiments with longer reaction times were 
equally unsuccessful. 
The thione (0.4 g.) and a trace of copper powder were 
fused by raising the temperature of an oil bath to 14000  and 
this temperature was maintained while ethyl diazoaoetate (0.32 g.) 
was added dropwise during 2 hours. The mixture was stirred at 
this stage by a stream of nitrogen and the temperature raised 
over 5 hours to 20000.  When cool, the reaction mixture was 
chromatographed on alumina to give unchanged thione. 
Ethyl 6-methylticollnate 
6-Methyl-2-pioolinic acid (100 g.) was retluxed with 
375 ml. of ethanol containing concentrated sulphuric acid 
(125 ml.) for 2 hours. 	The cooled solution was poured onto 
ice with continuous stirring, made slightly alkaline with 
concentrated ammonia and extracted into ether (4 x 600 ml.). 
The extract was dried and concentrated under reduced pressure 
to give a colourless oil which on distillation gave ethyl 
6-methylpicolinate. 
Yield = 78 g. (65%) 	b.p. - 130-133 00/15 mn. 
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Preparation of the ketolactone (LXXYIII) 
Sodium (16 g.) was converted into sodium ethoxide, which 
was suspended in 240 ml. of dry benzene. Ethyl 6.-methyl-
picolinate (75 g.) and Y-butyrolaotone (45 g.) were added and 
the solution was refluxed for 2 hours. The cooled solution 
was poured Into water (760 ml.) containing sulphuric acid 
(23 ml.), and the aqueous layer was separated, extracted twice 
with benzene, neutralised, and extracted with ether. The 
combined extracts were dried and concentrated to give  an oil 
which, after fractionation, solidified. Reorystalileation was 
effected from ethanol. 
Yield 	60 g. (64.5%) 	ni.p. 	50-5200 (ethanol) 
1,2,3 • 4-Tetrahydro-.6-methyl-l-oxo-cpinolizinium bromide 
The ketolactone (LXXVIII) (40 g.) was reuluxed In hydrogen 
bromide/acetic acid (50%; 200 ml.) for 10 minutes and the 
solution was evaporated to dryness under reduced pressure. 
The residual semi-solid was neutralised with aqueous sodium 
carbonate in the presence of chloroform and the liberated 
bromoamine was extracted into the chloroform. The aqueous 
layer was separated and, after two further extractions with 
chloroform, the extracts were combined and dried. The dried 
extract was refluxed for 24 hours with the deposition of an 
off-white solid and, after concentration, gave the bromide 
which was reorystallised from ethanol. 
Yield = 33 g. (70%) 	m.p. 	1920C (with decomposition) 
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Ethyl picolinate 
Picolinic acid (100 g.) was reflued with 400 ml. of 
ethanol containing concentrated sulphuric acid (140 ml.) for 
2 hours. The cooled solution was poured onto ice with con-
tinuous stirring, made slightly alkaline with concentrated 
ammonia and extracted into ether (4 x 600 ml.). The extract 
was dried and concentrated under reduced pressure to give a 
colourless oil, which on distillation gave ethyl picolinate. 
Yield = 84 g. (68.4%) 	h.p. 	139-141°C/15 mm. 
Preparation of the ketolactone (LXXX) 
Sodium (12 g.) was converted into sodium ethoxide, which 
was suspended In 180 ml. of dry benzene. Ethyl ploolinate 
(60 g.) and '-valerolactone (45 g.) were added and the mixture 
was refluxed for 2 hours. The cooled solution was poured into 
water (600 ml.) containing concentrated sulphuric acid (18 ml.), 
and the aqueous layer was separated, extracted twice with 
benzene, neutralised, and extracted with ether. The combined 
extracts were dried and evaporated to an oil which was 
fractionated to give the ketolactone as a pale yellow oil. 
Yield 68 g. (8470 	b.p. * 158-1620C/0.01 ma. 
Treatment of the foregoing product with 15% sulphuric acid 
The ketolactona (LXXX), (36 g.) was refluxed with 175 ml. 
of sulphuric acid (1554 ) for 1 hour. 	The cooled solution was 
neutralised with sodium carbonate, extracted with ether and 
dried. Removal of the solvent and distillation of the 
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residual oil gave 4-hydroxy-l-(2"--pyridyl)-pentan-l-one as a 
colourless oil. 
Yield = 27 g. (86.3%) 	b.p. 	9-97°C/0.01 ma. 
4-Methyldehydroquinolizinium picrate 
1,2,3, 4-Tetrahydro-6-methyl-1-oxo-quinolizinium bromide 
(1 g.) was retluxed in 10 ml. of acetic anhydride for 30 minutes 
and the solution was concentrated under reduced pressure. 
Addition of ether precipitated a deliquescent buff-coloured 
solid which was dissolved in water and converted to a piorete 
by the addition of aqueous calcium picrate. Recryetalliution 
from water gave 4-methyldehydroquinolizinium picrate. 
Yield 	0.8 g. 	m.p. = 134-1350C (Lit.(68) 135.5°C) 
4-Methyldehydroguinoliziniuxii perohiorate 
1,2,3, 4-Tetrahydro-6-methyl-l-oxo-quinoli zinium bromide 
(3 g.) was refluxed in 30 ml. of acetic anhydride for 30 minutes 
and the solution was concentrated under reduced pressure. 
Addition of ether precipitated a deliquescent butt-coloured 
solid. 	Treatment with perchiorlo acid In ethanol and precipi- 
tation with ether gave 4-methyldehydroquinolisinium perchiorate. 
Yield - 2.7 g. (90%) 
Reaction of 4-methyldehydroQuinolizinium perchiorate with 
benzoyl chloride 
To a vigorously stirred solution of the perchiorate (1 g.) 
in water (3 ml.) and methylene chloride (10 ml.), in a nitrogen 
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atmosphere, was added O.f ;ii, of benoyl chloride. 	A 507',  
solution of potassium bcr,xide (5 ml.) was added over 5 minutes 
and after * hour stirring the aqueous layer was separated and 
extracted with methylene chloride. The combined extracts were 
evaporated to give a dark residue which was recrystallised from 
methanol to give the original perchiorate. 
A similar reaction with benzoyl chloride in dimethyl 
suiphoxide containing the methylsuiphinyl carbanion was equally 
unsuccessful. 
Attempted condensation of 4-methyldehydroguinoljzinjum 
perohiorate with 2-dimethylaminobenzald  ehyde (70) 
The perohiorate (1.2 g.) was refluxed in ethanol with a 
slight excess of 2-dimethylaminobenzaldebyde (0.8 g.) and a 
drop of piperidine for 8 hours. The solution changed colour 
but, on cooling, deposited unchanged starting material. 
Reaction of pyridinium 	 with dimethyl 
acetyl ened icarboxylate 
Pyridinium cyolopentadienylide ( 2.9 g.) was dissolved in 
300 ml. of sulphur-free toluene. Palladium-charcoal catalyst 
(5%; 0.9 g.) was added and the mixture was refluxed under 
nitrogen for 24 hours. During this time a solution of dimethyl 
aoetylenedicarboxylate (5 g.) in 100 ml. of sulphur-free toluene 
was added dropwise. The reaction mixture was filtered and con-
centrated under reduced pressure and the residual tarry material 
was dissolved in benzene and chromatographed on deactivated 
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alumina. 
Elution with benzene gave three green bands, but only the 
first of these bands was Isolated in appreciable quantity. 
ReoryatallIaation was effected from methanol to give a pale 
green solid which could not be Identified. 
Yield = 0.3 g. 	in.p. 	143-1440C 
Analysis: C = 59.$ : 11 = 4.52% : N = 4.94 
The reaction of the dienyilde with methyl phenyiproplolate, 
In boiling nitrobenzene, led to complete decomposition of the 
starting material. 
Reaction of 2-ethyy1pyrIdire with 1-pyrrolIdInocyclohexene 
The enamine 	(7.55 g.) was dissolved in 30 ml. of 
sulphur-free toluene and to this solution was added 2-ethynyl- 
	
pyridIne 6 (5.15 g.) In 30 ml. of sulphur-free toluene. 	The 
solution was refluxed under nitrogen for 18 hours and filtered 
to remove a small quantity of solid material. Concentration 
of the filtrate under reduced pressure gave a yellow oil. 
Fractionation of the oil gave a viscous yellow liquid which 
appeared to be the desired product (xCIiI). 
Yield = 8 g. (63%) 	h.p. 	128-130°C/0.01 mm. 
Analysis: C171122W2 requires: C = 80.31% : H a 8.66% : N - 11.0$ 
found: C = 77.45% 1 H a 8.38% : N a 11.77% 
The toluene insoluble residue was converted to the 
perohlorate in ethanol/perohiorie acid and recrystallised from 
the same medium to give white needles (m.p. 152-153 0C). A 
qualitative ultraviolet spectrum of this compound showed that 
it was probably the dehydroquinolisinlum salt (LXXXVIII). 
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Attempted hydrolysis of the forego1nj product 
The oil (0.7 g.) obtained from the previous reaction was 
refluxed with acetic acid (5 ml.) containing perchioric acid 
(0.2 ml.) for 2 hours. 	The crystalline material which 
separated on cooling, was filtered off and recry8tallised from 
methanol/perchlorlc acid to give white needles. 
Yield u 1.1 g. 	m.p. = 2240C (with decomposition) 
The ultraviolet spectrum of this compound showed none of 
the peaks characteristic of the dehydroquinolizinium nucleus. 
The compound was the diperchiorate of the oil, formed by 
straightforward protonatlon. 
Analysis: 017R24N2C1208 requires: C = 45.2% H = 4.9$ : 
N a 6.2$ : Cl = 15.7$ 
found: C a 45.12$ : H - 5.03$ ; 
N=6.57: Cl* 15.17$ 
Preparation of 2-1' -bromovinylpyridine 
2-Vinylpyridine (10.5 g.) in carbon tetrachloride (20 ml.) 
was added slowly, with stirring, to bromine (5•5  al.) in carbon 
tetrachloride (20 ml.), cooled in ice. After stirring for 
5 minutes the solution was decanted from a sticky, insoluble, 
by-product and the carbon tetrachloride removed, in vaouo, to 
give the dibromo derivative. This compound was then added 
dropwise, during 45 minutes, to a solution of potassium 
hydroxide (10 g.) In aqueous ethylene glycol (100 ml.), with 
simultaneous steam distillation of the product. The 
distillate was extracted with ether and the extract dried and 
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evaporated to give a dark coloured liquid (11.1 g.). 
Reaction of 2.-1'-bromovinylpyridine with 
1-pyrrolidinocyclohexene 
The foregoing product (11.1 g.) and the enanaine (9.3 g.) 
in 30 ml. of toluene were refluxed under nitrogen for 3 hours. 
The solution was evaporated to dryness to give a brown, sticky 
oil. 	A qualitative ultraviolet spectrum of the oil showed the 
characteristic dehydroquinolizinlurti peaks but all attempts at 
purification were unsuccessful. 
No useful material could be obtained from similar 
reactions using 2-vinylpyridine and only small amounts of oils 
were obtained. 	In other reactions using 2-/3 -ethoxyvinyl- 
pyridine the starting materials were recovered. 
N-(2-pyridylmethy])-pyrldinium bromide 
2-Chlororaethylpyridine hydrochloride (16.4 g.) was 
dissolved in water and treated with aqueous sodium hydroxide 
and the liberated 2-chloromethylpyridine extracted into benzene 
and dried. The solvent was removed, in vaouo, to give 
2-chioromethylpyridirie as a colourless oil. 
Pyridine (10 ml.) was added to a solution of the oil 
(12 g.) in acetone and after standing for 4 weeks at room 
temperature, the red deliquescent solid was filtered off and 
dried to give the quaternary salt (U g.). The derived di-
picrate separated from aqueous ethanol as orange plates. 
m.p. a 156-1580C (Lit.( 8 	1580C) 
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Reaction of 2-(dimethylaminomethyl) cyolohexanone with 
N-(2-pyridylmethyl )-pyridinium bromide 
Freshly distilled 2-(dimethylaminoaethyl) cyclohexanome 
(1-.54 g.) was added to N-(2-pyridylmethyl)-pyridinium bromide 
(2 gi,) in 40 ml. of methanol. After refluxing for 3 hours the 
solvent was removed under reduced pressure to give a sticky red 
solid. Trituration of the oil with acetone gave unchanged 
starting material. No other product could be isolated from 
this reaction, nor from reactions using sodium ethoxide as 
catalyst. 
Preparation of 
Phosphoryl chloride (113 ml.) was added slowly to ice-
cold, mechanically stirred, dimethylforniamide (109.7 g.) during 
20 minutes and the mixture was then stirred for a further 
30 minutes at room temperature. The mixture was again cooled 
in ice while cyclohexanone (49 g.) was added dropwise, during 
20 minutes with stirring. After maintaining the resultant 
solution at 30-40 0C for 20 minutes, the solution was decomposed 
with 1500 g. crushed ice and allowed to attain room temperature. 
The solution was then extracted with ether (3 x 200 ml.) and 
the extract shaken with sodium carbonate solution (3 x 100 ml.) 
and 1% sodium hydroxide (1 x 100 ml.). The ether extract 
after drying yielded the ohioro-aldehyde. 
Yield = 84 g. (58%) 	b.p. = 87-90°C/10 mm. 
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Formylatiorl of the diethyl ketal of oyclohexanone(86) 
The ketal (8.61 g.) was added slowly, with stirring, to an 
ice-cold solution of the formylating agent (prepared from di-
methylformamide (10.75 ml.) and phosphoryl chloride (11.3 ml.)) 
during 10 minutes and the resultant mixture heated at 35-400C 
for 3 hours. The solution was then decomposed by pouring onto 
crushed ice (100 g.) and the aqueous solution salted out with 
solid potassium carbonate and extracted with benzene-ethanol 
(1/1) (4 x 50 ml.). 	The extract was dried over anhydrous 
potassium carbonate and the red residue distilled to give an 
orange oil. 
Yield w 2.6 g. 	b.p. = 130-1700C/l0 mm. (bath temperature) 
Attempts to purify this oil by crystallisation were 
unsuccessful and the n.m.r* spectrum showed it to consist of a 
number of components. 
The reaction of 2-chlorocyclohexene-1-carboxaldehyde with 
2-picolyfli thium 
To an ice-cold, well stirred, solution of 2-piool1lithium, 
obtained from 0.7 g. lithium, 7.85 g. bromobenzene and 47 g. 
oL-picolifle in 40 ml. dry ether, was added 7.2 g. of freshly 
prepared obloro-aldehyde, the temperature being kept below 0 °C. 
Stirring was continued for 1 hour when ice was added to decom-
pose the lithium salts, and the aqueous phase extracted with 
ether. Distillation of the extract gave an oil smelling very 
strongly of c-pico1ine. 
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Attempted displacement of the halogen atom in compound (Civ) 
2-Chlorocyclohexene-l-carboxaldehyde (5.4 g.) in 20 ml. of 
methanol was added dropwiae with stirring, during 30 minutes to 
an Ice-cold solution of sodium methoxide in Methanol. After 
stirring for 2 hours at room temperature the solution was 
poured into water, extracted with ether and the extract dried. 
Removal of the solvent gave a yellow residue which, on 
distillation, yielded a colourless liquid which rapidly 
darkened on standing with the deposition of a tar. 
Yield 	1.7 g. 	b.p. = 99-101°C/15 mm. 
A similar result was obtained when the chioro-aldehyde was 
reacted with sodium phenoxide in dry benzene. 
Reaction of 2-chlorocyclohexeno-1-oarboxaldehyde with 
dime thylamine 
2-Chlorooyclohexene-l-carboxaldehyde (20 g.) in 40 ml. of 
methanol was added dropwise, with stirring, to an ice-cold 
solution of aqueous dimethylamlne (50 ml.) In 50 ml. of 
methanol. The mixture was stirred for 16 hours and poured 
Into water. }xtract1on with ether and removal of the solvent 
yielded a yellow oil which, on distillation, gave 2-dimethyl-
amiaozaethylene cyclohexanone. 
Yield 9 g. 	h.p. a 103-1040C/b mm. 
Repetition of the reaction under anhydrous conditions 
gave an oil which rapidly darkened and decomposed with the 
evolution of dimethylamine. 
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Reaction of 2-chlorocyclohexer-1-carboxa1dehrde with sodium 
ethanethiolate 
Ethanethiol (25 g.) in 50 mle of dry benzene was added 
dropwise to a vigorously stirred slurry of sodium hydride 
(19.2 g.; 50 dispersion in oil) in 250 ml. of dry benzene. 
Preshly prepared 2-chlorocyclohexene-1-carboxalclehyde (57 g.) 
in 100 ml. of benzene was then added dropwise during 1 hour and 
stirring was continued for a further 2 hours. The mixture was 
poured Into water and the aqueous layer was separated and 
extracted with ether. The combined extracts were dried and 
the solvent removed to give a yellow-green residue. Distilla- 
tion of the residue gave 2-ethyltbiocyolobexene-l-carboxaldehyde. 
Yield 	59 g. (88%) 	b.p. 	144-145°C,/10 an. 
Reaction of 2-ethylthlocyclohexene-1-oarboxaldehyd,e with 
2-picolyl lithium 
To an Ice-cold, well stirred, solution of 2-picolyllithium 
obtained from 6.95 g. lithium, 73.5 g. bromobensene and 46.5 g. 
o&-picoline in 400 ml. of dry ether, was added 58 g. 2-ethyl-
thiocyolohexane-l-carboxaldehyde, keeping the temperature at or 
below 000. Stirring was continued for 2 hours at room 
temperature when ice was added to decompose the lithium salts 
and the aqueous phase was extracted with other. Distillation 
of the dried ether extract under reduced pressure yielded.a 
viscous oil which was fractionated to give the ethylthlo-
alcohol. 
Yield a 68 g. (75$) 	b.p. a 160-163°C/0.0 mm. 
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l-Ethylthio-2-(1-hydroxy-2-- ck_pyridylethyl) cyclohexene 
C15 }121NOS requires: C = 68.44. : H a 8.004 : N - 5.32 : 
S 12.124 
found: C = 69.10% , H = 7.254 : N 6.264 : 
S 	12.2% 
Preparation of tetrahydrobeuzo [cl.dehydroguinolizirijum perchiorate 
The ethylthio.-alcohol (cxIii) (1.3 g.) was refluxed in 20 ml. 
of acetic acid containing percUoric acid (0.5 ml.) for 4 hours. 
The cooled solution was diluted with ether to precipitate a 
yellow solid (1.5 g.) which, after 4 recryatallisatione from 
ethanol containing a trace of perohioric acid yielded white 
needles. 
Yield 	0.4 g. 	m.p. 	152-1530 
Tetrahydrobenzo [c]dehydroqulnollzinjuzn perohiorate 
C13H14NC104 requires: C a 55.03% ; II = 4.951t : N n 4.9511- : 
Cl = 12.5% 
found: C - 55.29 : R - 5.06% : N - 5.194, : 
Cl 	12.3% 
The product was identical with that obtained from the 
reaction of the cyclohexene enemine with impure 2-ethynyl-
pyridine (mixed melting point and infra red spectra). 
This was the most satisfactory preparation. Attempts to 
prepare the dehydroquinollziniuin salt free from the yellow 
solid, by extending the reaction time or by varying the 
oyclising agent, e.g. perchioric acid in the presence of 
mercuric chloride, led to the formation of intractable gums or 
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to smaller yields of the mixture. Larger scale preparations 
also led to smaller yields of product which contained more of 
the yellow solid. 
Attempted dehydrogenation of tetrahydrobenzo [c] dehydro- 
xinolizinium perchlorate 
The perchiorate (0.2 g.) and palladium-charcoal catalyst 
(5%; 0.2 g.) in 20 ml. n-butyl alcohol, were refluxed under 
nitrogen for 3 hours. 	The solution was filtered while still 
hot and on evaporation of the solvent to a small volume a 
quantitative recovery of the starting material was obtained. 
Repetition of the experiment in the higher boiling 
ethylene glycol monobutyl ether gave the same result. A 
similar reaction with sulphur in dimethylformamide was also 
unsuccessful. 
3-Methyl-4, 4-dichloro-2-pyrazoline-5-one 
A mixture of 3_methyl_2_pyrazoline_5_one(92) (60 g.) in 
350 ml. of acetic acid was chlorinated by heating to the 
boiling point, removing from the source of heat and passing a 
stream of chlorine through the solution until an excess of 
chlorine was present (l hours). Removal of the solvent gave 
almost a quantitative yield of the dichioro compound. 
m.p. = 113-1150C (Lit.(92) 113-115°0) 
3-tethyl-4 , 4-d1ohloro-2-pyrazoline--one 
04 114N20012 requires: 0 	28.7$ : H = 2.4% * N - 16.8% 
found: C 29.73 : H = 2.52% * N a 17.97% 
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Preparation of ethyl tetrolate 
The eater was prepared by two methods, neither of which 
was very satisfactory when carried out on a large scale. 
Dehydrochiorination of 3-xnethyl-4 , 4-diohloro-2-pyrazoline- 
by heating with aqueous sodium hydroxide at 60-70 0C 
for 5 hours, followed by continuous extraction with ether, gave 
tetrollo acid. 	The crude acid was eaterified by refluxing 
with ethanolic-sulphuric acid for 1 hour. 
Pyrolysis of l-ethoxycarbonylacetonylldene triphenyl 
phosphorane 	at 250-280 00/10 mm. also gave small yields (35f- 
based on triphenyl phoephine) of the ester when carried out on 
a large scale. 
Reaction of 4-I1ethylcyc1opentarc1Qujflo1ijfle 	with ethyl 
tetrolate 
The quinolisine (2.2 g.) and ethyl tetrolate (4.2 g,) were 
reflux.d in 100 ml. of dry nitrobenzene for 14 hours. Removal 
of the solvent, in vaouo, on a water bath, gave a tarry residue 
which was taken up in benzene and chromatographed on alumina. 
Elution with benzene removed the residual nitrobensene. 
Further elution gave a green fraction which, on removal of the 
solvent, crystallised to give a dark coloured solid. He-
crystallisation from ethanol gave red-brown needles. 
Yield = 1.9 g. (53) 	M.P. = 98-99 0C (ethanol) 
3,9-Dimethyl-4-ethoxycarbonylcyclopenta [c ,djcyol [3,3,3] azine 
C19H17NO2 requires: 0 	78.3514 : H = 5.8414 : N - 4981% 
found: C - 78.40% 1 H - 5.66% 1 N 4.81% 
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Elution with benzene-ether (i/i) gave a second green 
fraction which, on removal of the solvent, crystallised to give 
a brown solid. Recrystailleation from ethanol gave brown 
needles. 
Yield = 0.48 g. 	m.p. 	122-1230C (ethanol) 
3,9-Dimet.hj*--4-'thoxycarbonyl-l-( *-methyl-fl-ethoxy-
oarbony1viryl) cyclo2enta [c,d]cyclL3,3,3Jazine 
025 }T25N04 requires: C - 74.44 : H = 6.20 : N = 3.47, 
found: C 	74.42 : H - 6.10% * N 	3.48 
Elution with ether gave an orange fraction which, on 
removal of the solvent, crystallised to give an orange solid. 
Recryataflisation from ethanol gave orange needles. 
Yield a  0.25 g. 	m.p. 	175-176 0C (ethanol) 
4.-Meth3rl-3-( ok-methyl- )3-ethoxycarbonylvin.yl) cyolo-
penta [c]quinolizine 
C 39H19NO2 requires: C - 77.79 : H - 6.48% : N a 4•75 
found: C 	77.55$ : H 	6.33 : N a 4.83$ 
Reaction of 4methy1cyclopentac1quino1izine with dirnetbyl 
ac ety lenedicarboxy late 
Dimethyl acetylenedlcarboxylate (1 g.) was added to a 
solution of the quinollzine (1 g.) in 50 ml. of dry bensene. 
After standing at room temperature for 2 hours, the solution 
was concentrated and chromatographed on deactivated alumina 
(10% by weight of 10% acetic acid). 
Elution with benzene gave some starting material. 
Further elution gave a green traction which, on removal of the 
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solvent, gave a green solid. 	Neorystallisation from ethanol 
gave 9-methyl-394-dirnethoxycarbonylcyclopenta [ , d]cycl [3,3,3] 
azirie as green needles. 
Yield = 0.23 g. (20%) 	a.p. - 199-2000C (ethanol) 
The green fraction was closely followed by a red fraction 
which, on removal of the solvent, gave an unidentified, red oil. 
Continued elution with ether gave an orange fraction which, 
on removal of the solvent, gave an orange solid. Reerystalli-
nation from benzene-petroleum gave 4-aethyl3(cL,/3 -dimethoxy-
carbonylvinyl) cyclopenta [c]quinolizine. 
Yield 	0.5 g. (40) 	m.p. = 154-155 0C (benzene-petroleum) 
Reaction of 9-methyl-3, 4-dimethoxyoarbonylo;cloperita Ic,dlcycl 
[,3,3]azirie with diniethyl acetylenedloarboxylate 
The cyclazine ester (0.2 g.) and the acetylenic eater 
(0.1 g.) were refluxed in 20 ml. of dry nitrobenzene for l 
hours. Removal of the solvent, in vacuo, and chromatography 
of the residue on 10% deactivated alumina afforded unchanged 
cyolasine ester. 
Reaction of 4-methyl-3-( ,j3 -dirnethoxycarbonylviny].) cyolo- 
pen'ta [ciguinolizine with dimethyl acetylenedicarboxylate 
The quinollsine (0.4 g.) and the acetylenlo ester 
(0.18 g.) were refluxed in 40 ml. of dry nitrobensene tor l 
hours. 	The solvent was removed, in vacuo, and the residue was 
taken up In benzene and chromatographed on 10% deactivated 
alumina. 
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Elution with benzene removed residual nitrobenzene and 
elution with benzene-ether (g,ti) gave two green fractions. 
The first fraction, on removal of the solvent and 
crystallisation from ethanol, yielded dark green needles which 
could not be identified. 
Yield a 0.055 g. 	a.p. a 139-140
0C (ethanol) 
Analysis: c a 64.66% : H = 4.89% : N = 3.65% 
The second fraction, on removal of the solvent and 
crystallisation from ethanol, yielded dark green needles. 
Yield a 0.32 g . 	m.p. a 203-2040C (ethanol) 
9-Methyl-3,4-dimethoxycarbonyl-1-( 	P -dimethoxycarbonyl- 
vinyl) oyclopenta[c,d]cycl[3,3 9 3jasine 
	
C25H21N08 requires: C 	64.79' : H 4.53 : N 	3.02$ 
found: C = 64.74Y : H = 4.41' : N = 3.04 44 
Reaction of 4-methylcyolopenta[&Jqujnoljsine with methyl 
ph enylproj,iolate 
The quinolizine (1.2 g.) and methyl phenyiproDlolate 
(3.5 g.) were refluxad in 70 ml. of dry nitrobenzene for 1 
hours. Removal of the solvent, in vacuo, and chromatography 
of the residue on alumina in the usual way gave a dark green 
solid. iecryatall1eation from ethanol gave dark green needles. 
Yield 	1.2 g. (53.6%) 	n.p. a 171-172°C (ethanol) 
- } :y ]--' 	:iL4 	i uX(: ir •c: 	 , d] c7c 
3, 3, 3j a z I 
C23H17NO2 requires: C 	1.41%: ! = 5.01% : N a 4.13 
found: c a 1, 1.71 i H a 4.91% : N a 4.32$ 
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Reaction of 4_phenlcylcopentarclQuinolizine(91) with ethyl 
tetrolate 
The quinolizine (2 g.) and ethyl tetrolate (2 g.) were 
refluxed in 100 nil, of dry nitrobenzene for là hours. Removal 
of the solvent, in vaouo, and chromatography of the residue in 
the usual way yielded a dark green solid as the main product. 
Recrystallisation from ethanol gave dark green needles. 
Yield 	1.3 g. (454,9) 	m .p. 	128-1290C (ethanol) 
3-"ethyl-9-phenyl-.4-ethoxycarbonylcyclopenta [c , d]cc 1 
L', 3, 3]azine 
C24R19NO2 requires: C = 81.59% : H - 5.384 : N = 3.97% 
found: C - 81.78% : H a 5.21% * N - 4.094 
Reaction of 4-phenylcyclopentafclgujnoljzjrie with ethyl 
prop iolate 
The quinolizine (2 g.) and ethyl propiolate (2.5 g.) were 
refluxed in 100 ml. of dry nitrobenzene for li hours. Removal 
of the solvent, In vaouo, and chromatography of the residue on 
alumina In the usual way yielded a green solid as the main 
)roduot. Becrystallisatlon from ethanol gave green needles. 
Yield 0.98 g. (36%) 	m.p. = 210-21100 (ethanol) 
3-Phenyl-8--ethoxycarbonylcyclopenta [c , d] cyci [3,3,3] azlne 
	
23H172 requires: C 	81.4214 : H - 5.01% z N 4.13% 
found: 0 = 81.27 s H - 5.15% : N = 4.04% 
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Reaction of 4-methylcyc1ojenta1c1quino1izine with ethyl 
propi 0 late 
The qulnolizine (2 g.) and ethyl proptolate (3.8 g.) were 
refluxed In 100 ml. of dry nitrobenzene for li hours. Removal 
of the solvent, in vacuo, and chromatography in the usual way 
yielded a green solid, as the main product. Reoryatallisation 
from ethanol gave green needles. 
Yield - 0.74 g. (33%) 	map. a 114-116 00 (ethanol) 
3-Methyl-8-ethoxyoarbonyicyclopenta c ,d]cycl L3,3, 3iazine 
018H15NO 2 requires: c a 77.98% : H 5.42% : N a 5.05% 
found: C - 77.76% 1 H = 5.21% $ N a 5.27% 
y1rolysIa of 3,9-dlnethyl-4-ethoxyoarbonyloyolopenta [o,d] OLyOl 
3.3. 3] azine 
The cyclazirLe ester (1.3 g.) was dissolved in 100 ml. of 
methoxyethanol. An excess of potassium hydroxide (3 g.) was 
added and the mixture was refluxed for 3j hours. The solvent 
was removed under reduced pressure and the residue dissolved In 
the minimum of water and cautiously acidified with concentrated 
hydrochloric acid. The precipitate was washed with a little 
aqueous ethanol and dried to give 3,9-dimethyl-4-oarboxyayclo-
perztajc,djcyo113,3,3lazine. 
Yield = 0.93 g. (80%) 	crude map. 	1000C 
Decarboxylatlon of 3, 9-dimethyl-4-oarboxycyclopenta[e 
f,3,3Jasine 
he acid was decarboxylated by sublimation at approxiNately 
109. 
1 mm. by direct heating of the sublimation apparatus. The 
sublimation was beat carried out in small quantities, i.e. on 
approximately 100-150 mg., finely ground and mixed well with 
asbestos wool to prevent undue decomposition. 	The sublimate 
was then taken up in benzene and obromatographed On alumina, 
elution being carried out with benzene. 
In this way the crude acid (0.9 g.) yielded a product 
having no carbonyl absorption in its infrared spectrum. Re-
crystallisation from ethanol gave a dark coloured solid. 
Yield 	0.65 g. (9214 ) 	m.p. 	125-1260C (ethanol) 
3 9 9-Dimethylcyolopenta [c,dlcyei [3,3, 3J amine 
016111311 requires: C 	87.67 : H - 5.934 z N = 6.40% 
found: C - 87.59C 2 H - 5.93% : N - 6.77? 
Hydrolysiu and decarboxylatloza of 3-phenyl-9-methy1-4-methoxy- 
carbonyloyclopenta [c.d] oyol [33, 31 amine 
The cyclamine ester (1 g.) on alkaline hydrolysis and 
deoarboxylation by sublimation gave dark green crystals which 
were reoryatallised from ethanol. 
Yield = 0.73 g. (90) 	m.p. = 127-1280C (ethanol) 
3-Phenyl-9-methy1èyc1openta [c ,d] cyc 1 3, 3, 3J amine 
	
021H15N requires: C 	89.68 4, : H = 5.34% : N a 4.98% 
found: C 	89.57% : H = 5.48% : N = 5.1754 
Hydrolysis and decarboxylation of 3-methy19-pheny1-4-ethox 
carboaylcyclopenta Lc, d] cXcl [3 • 3131 amine 
The cyclazine eater (0.85 g.) on alkaline hydrolysis 
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followed by decarboxylation gave 0.5 g. (7&) of 3-phenyl-9- 
rzethy1cyc1openta [o,dl cyci [3,3,3] asine, identical with the 
specimen obtained in the foregoing experiment (mixed melting 
point and infrared spectra). 
Rydrolyaia and decarboxyletion of 3-phenyl-8-ethoxyoarbonyl- 
,c1openta[c 1 djcyc1 [3,3,3]azlrie 
The cyclasine aster (0.6 g.) on alkaline hydrolysis 
followed by deoarboxylation by sublimation gave dark green 
needles, which were reoryotallised from ethanol. 
Yield a 0.39 g. (83%) 	m.p. - 121-1220C (ethanol) 
3-Pheny1oyo1openta[c,d'J cyci [3,3,3]azin. 
020H13N requires: C n 89.89% : H n 4.87% : N 5.24% 
found: C = 89.16% : H a 4.69% : N a 5.17% 
Hydrolysis and decarboxylation of 3-.aethyl-8-ethoxycarbonyl- 
cyclopenta[c ,d] eye  [3,3,3] asine 
The cyolazine eater (0.43 g.) on alkaline hydrolysis 
followed by decarboxylatlon by sublimation gave a dark green 
solid. Recryatallisation from ethanol gave dark green needles. 
Yield = 0.27 g. (84%) 	m.p. a 102-103°C (ethanol) 
3-Metbylcyclopenta [c , d] cyci [3,3,3] asine 
C15H11N requires: C = 87.80% : H - 5.37% : N a 6.8376 
found: C a 87.73% : H - 5.21% : N a  6.831% 
111. 
Attempted acetylation of 3,9-dimethylcyclopenta[e,dloyol[3,3j1 
azine 
The cyclazine (0.2 g.) was dissolved with warming in 3 ml. 
of acetyl chloride and the solution was refluxed for 3 minutes. 
The solution was diluted with water, neutralised with solid 
sodium bicarbonate and extracted with chloroform. The chloro-
form layer was washed with water, dried and concentrated. The 
residual tar was taken up in benzene and chromatographed on 
alumina with the recovery of a small amount of starting 
material. 
Acetylation of the cyolasine in acetic anhydride in the 
presence of anhydrous stannic chloride was also unsuccessful. 
Reaction of 3,9-dimethylcyclopentafio,d] cyolI3,3,3jjazjne with 
ethoxalyl chloride 
1thoxalyl chloride (0.14 g.) in methylene chloride was 
added slowly to a solution of the cyc]azine (0.2 g.) in 20 ml. 
of methylene chloride and the solution allowed to stand at room 
temperature for 24 hours. Concentration of the solution and 
chromatography of the residue on alumina gave some starting 
material and inappreciable quantities of two other fractions. 
Attempted formylatlon of 319-.dimethyl2yclopenta[c,d]cyol [333] 
asine 
The cyclazlne (0.2 g.) was dissolved in dimethylformainide 
(0.30 rn].) and the solution heated to boiling. 	Phoephoryl 
chloride (0.4 ml.) was added to the refluxing solution and 
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heating was continued for 2 minutes. Excess aqueous saturated 
sodium bicarbonate was added, the mixture was boiled for 10 
minutes and aqueous sodium hydroxide was added. P.xtraction 
with chloroform and concentration of the dried extract gave a 
dark amorphous tar. 
Attempted bromination of 3.9-dimethylcyclopentafc,dicycl r3.3.31 
asine 
The cyclazine (0.2 g.) was dissolved in 10 ml. of methylene 
chloride. Excess of bromine (0.38 g.) in 15 ml. of methylene 
chloride was added and the mixture was set aside at room 
temperature for 20 minutes, and then filtered to give a dark 
amorphous tar. 
Attempted nitration of 3,9-dluiethylcyciopenta[c,dl cyci [3.3.31 azlne 
The cyclazine (0.2 g.) in 10 ml. of carbon tetrachloride was 
added to an ice cold solution of tetranitromethane (0.25 g.) in 
5 ml. of carbon tetrachloride. The solution changed colour 
immediately with the deposition of a black amorphous material. 
Attempted coupling of 3,9-dimethyloyoloj,entalc,dl oycl r3.3.3lazine 
Aniline (0.15 g.) was dissolved in 0.45 ml, of concentrated 
hydrochloric and sodium nitrate (0.18 g.) in 0.25 ml, of water 
was added at 00C. The solution was then added to a solution of 
the cyclazlne (0.2 g.) in the minimum volume of aoetonitrile 
containing 2 ml. of triethylainine at 0 0C. The mixture was 
poured into water and extracted with chloroform. Removal of 
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the solvent and chromatography on alumina rave three main 
fractions none of which appeared to be aso-compounds. 
The same result was obtained when the diasonium salt was 
prepared in aqueous media. 
Bens1ation of 3,9-dimethylcyc1ojenta [c,dl cycl13.331asine 
The oyclairie (0.2 g.) was dissolved in 6 ml. of bensoyl 
chloride containing sodium bicarbonate (0.1 g.) and the mixture 
was refluxed for 3 minutes. The mixture was shaken with 
excess of aqueous sodium hydroxide until the bensoyl chloride 
had hydrolysed and then extracted with chloroform. The 
chloroform layer was washed with water, dried and concentrated. 
The tarry residue was taken up In benzene and chromatographed 
on alumina. Elution with benzene gave a brown fraction which, 
on removal of the solvent, crystallised to give a dark coloured 
solid. Recrystallisation was effected from ethanol. 
Yield = 0.18 g. 	M.P. a 203-20500 (ethanol) 
1-Reiizoyl-3 9 9-dinethyloyoloperita [o,dJ eye  L3, 3, 3] asine 
023R17N0 requires: C 	85.444 : If 	5.26% : II - 4.33% 
found: C a 85.1214 : H * 5.27% * 31 w 4.29% 
114. 
ULTRAVIOLET SPECTRA 
The spectra, unless otherwise stated, were carried out in 
ethanolic solution in 1 cm. silica cells. 	In the case of 
perchioratea, 5% by volume of perchioric acid Was added to 
ensure that none of the compound was present as the free base. 
N.B. The letter S denotes a shoulder and the letter I 
denotes an inflection on the curve. 
Compound max mu 1og 
Thtramethyl 9a-vinyl-9aH-.quinolizlne- 224 4.12 
1 9 2,3 9 4-tetracarhoxylate 282 4.10 
332 3.58 
414 3.74 
Tetrainethyl 6-methyl-9a-vinyl-9aR- 230 4.07 
quinolizine-1 ,2,3, 4-tetracarboxylate 296 4.01  
443 3.61 
Tetramethyl 9a-phenyl-9a11-qulnolisine- 284 4.01 
1 9 2 9 3 9 4-tetracarboxylate 330 3.55 
412 3.70 
Tetramethyl 9a-ethyl-9aH-quinollzine- 282 4.08 
1 9 2 9 3 9 4-tetracerboxylate 333 3.63 
416 3.75 
Tetramethyl 9a-methyl-9aH-quinolizlne- 279 4.12 
1 9 2,3,4-tetracarboxylate 332 3.7() 
410 3.80 
115. 
etraiiethy1 9a-atyryl-9aH-quinolizlne- 258 4.33 
1,2,3,4-tetraoarbox3'Iate 278 4.28 
416 3.71 
Tetx'amethyl 8 9 9-dlhydro-9a-ethyl-9aTI- 254 4.13 
quinolizine-1, 2,3,4-tetraaarboxylate 401 3.84 
Tetraiethy1 6-vinyl-9aH-qulnolizlne- 253 3.97 
1,2 1 3,4-tetracarhoxylate 275 3.98 
314 3.69 
425 3.51 
Tetramethyl 6-phenyl-9aH-qulnollzine- 275 4.21 
1 9 2,3,4-tetracarboxylate 319 4.12 
431 3.67 
Tetrainethyl 6-ethy1-9aH-quino1iine- 237 4.22 
1 9 2 9 3 9 4-tetracarboxylate 293 4.00 
428 3.71 
etramethy1 6-methyl-9a}f-quiriolizirie- 236 4.20 
1 9 2,3 9 4-tetracarboxylate 293 4.02 
430 3.70 
Tetramethyl 6-atyryl-9aH-quinolizine- 230 4.29 
1 9 2 9 3 9 4-tetracarboxylate 337 4.40 
425(1) 3.65 
Tetramethyl 6-phenyl-4H-quinolizine- 274 4.12 
1 9 2,3 9 4-tetracarboxylate 311 4.17 
355 4.00 
451 4.01 
16 	ethanollc perchioric acid 330 4.04 
116. 
Tetraethyl 6-ethyl--4H-quinolizlne- 268 4.00 
1 9 2 9 3 9 4-tetraoarboxylate 307 4.07 
349 4.09 
445 4.06 
8 	ethanolic perchlorie acid 322 4.12 
!retramethyl 6-methyl.-4H-quinollzine.. 266 3.99 
1 9 2 9 3 9 4-tetracarboxylate 307 4108 
347 4.08 
445 4.05 
8% ethanollc perchloric acid 321 4.06 
?etramethyl 6-etyryl-4I!-quino11p1ne- 311 4.46 
1 9 2 9 3,4-tetracarboxylate. 	(Diels 1st 372 3.96 
stable adduct.) 468 4.01 
235 4.18 
16 	etbanolic perohioric acid 309 4.10 
399 4.28 
6-Pheny]. 1 9 2,3,4-tetraniethoxyoarbonyl- 229 	- 4.41 
dehydroquinoliziajum perchiorate 289 4,13 
370 3.94 
6-Ethyl 1 9 2,3 9 4-tetranethoxycarborzy]- 224 4.28 
dehydroquinolizinium perchlorate 254 4.24 
356 3.92 
117. 
Tetramethyl 2-phenyl-1,2-dihydrocyci 272 4.03 
E3,3.2]azize_2a,3,4,5_tetracarLoxyiate 12 4.25 
(Dials 2nd stable adduct.) 362 3.88 
470 3.91 
16% ethanolic perchioric acid 318 
6-(1', 2', 3 	4' -tetramethoxycarbonylbuta- 272 
dienyl)-2-phenylpyrjdine 	(?) 367 4.80 
''rimethyl 5-9tyryiindoli7ine-1,2,3.-. 230 4.32 
trlcarboxylate 254 4.34 
277 4.39 
373 4.20 
T.trahydrobenzo[c] dehydroquinolizinium 219 4.43 





4-Methyl-3-( c'-rnethy1-fl -ethoxycarbonyl-. 242 4.36 
v1n'1 	c;co:.iacJ quinoiizthe 36c3 4.60 
420(S) 3.88 
3 9 9-].)imethyl-4-ethoxyoarbony].-1-( d— 254 4.59 
methyl- i -ethoxycarbonylvinyl) cyclo- 307 4.27 






















399-Dlaethyl-4-ethoxycarbonylcyclo- 249.5 4.52 







3-Methy1-9-phenyl-4-ethoxycarboriy1cyc10 278 4. 66  







3-Phenyl-9-methyl-4-methoxycarbony1oyc1o_ 236(5) 4132 







3-Phenyl-_ethoxycarbony1cyo1openta[c ,c[J 279 4.69 











cyc1[3,3,]a7i:1e 255 4.44 
306 4.3]. 








3 9 9-D1Iethy1eyc1oper1ta [c,dJ eye]. [3,3,1 246.5 4.59 
azine 281(5) 4.06 






3-Methyl-9-phenyloyclopenta Le ,djjJ eye]. 277 4.65 
























1-Benzoy1-3,9-d1ethy1eyc1opeutac,dJ 248.5 - 4.02 
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